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PREFACE

THE subject of the low temperature carbonisation of coal is one which is attract-

ing considerable attention at the present time ; although it cannot be claimed that the

difficult problems, involving both scientific and economic considerations, have yet

been completely solved, there can be no doubt that considerable progress has been

made in the direction of their solution.

The genesis of the book has been explained by Sir George Beilby in the Fore-

word. Its preparation proved to be of considerable difficulty as the subject is

rapidly developing and many of the problems involved still require much further

exploration. It was felt, however, that the subject could best be dealt with by

giving the most reliable data on the different aspects of the work together with such

conclusions as can safely be drawn from them. Unfortunately it is not always

possible to draw definite conclusions and the Authors are only too well aware that,

of necessity, some of the sections have been left with an incomplete survey of the

aspects to which they relate An attempt has been made to dissect the variables

and to make each chapter self-contained so far as is possible. Such a method of

treatment, however, inevitably involves a certain amount of repetition in a subject

where such variables are so closely interrelated as in the present one.

The Authors have made use of material contained m official publications

md have to thank the Controller of H M. Stationery Office for permission to

^produce certain diagrams from these reports Free use has been made of

lata contained in the proceedings of technical societies as well as of articles m the

lechmcal Press
,
where possible these have been acknowledged in the text.

The Authors wish to express their grateful appreciation of the advice and help

rhich they have received from Sir George Beilby and for the interest which he has

aken in the work
;

it is indeed to him they owe any special knowledge of the sub-

set that may have justified them in undertaking the task

They also wish to express their thanks to Dr. B V. Wheeler and Dr. 0. R.

r

oung , to the former for much helpful criticism of the portions bearing on the

onstitution of coal and other aspects of the subject which he has made peculiarly

is own, and to the latter for help and advice in the preparation of the sections

earing on the chemistry of the subject.

They are greatly indebted to Professor H. C. H. Carpenter, F.R S
,
who has

ven advice on the properties of casb iron and other metals when exposed to high

imperatures.
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They are also indebted to Dr. Margaret Fishenden, Mr. J. G-. King and other

colleagues for much valuable assistance and to many firms and individuals who have

supplied drawings and details of their processes.

In conclusion the Authors must pay a tribute to the generous manner in which

Miss G. I. M. Blair has devoted her scanty leisure to preparing the manuscript

for publication and for seeing the work through the press.

H L

E. F MoK.



FOREWORD

IT was suggested to me early in 1921 that a book on the subject of low tempera-

ture carbonisation would be welcomed by many who are interested in schemes for the

more efficient utilisation of our coal resources. It is now widely recognised that this

subject is of national importance, for if it becomes commercially feasible to carbonise

in this way any considerable proportion of the tens of millions of tons of the coal

annually consumed m the raw state m Great Britain, low temperature carbonisation

would play a vital part m the solution of the smoke problem and in that of the

home production of motor spirit and fuel oils. The subject, however, is far from

simple, for its physical, chemical, mechanical and economic aspects arc so closely

interwoven that only after an intimate study of all these aspects ought any serious

estimate of its development as a national industry to be attempted. In the absence

of this all-round knowledge much that has been publicly spoken and written on

this subject has been not merely futile but actually harmful to genuine progress

In the Government Department of Fuel Research a carefully thought out scheme

of inquiry has been steadily pursued for the past six or seven years These inquiries

embraced not merely the first-hand experimental work carried out at H.M Fuel

Research Station, but the similar work of outside inventors and experimenters all

over the world.

The intimate association of Dr Lander and Mr McKay with the course and the

results of these inquiries, and their complete dissociation from any interests, direct

or indirect, m the commercial development of any particular schemes, placed them

111 an almost unique position as the Authors of a work on this subject.

With the full concurrence of the Department of Scientific and Industrial Research

I therefore asked Dr. Lander and Mr McKay to undertake this work This they

ultimately agreed to do, though not without considerable hesitation, in view no

doubt of the heavy additional strain on their time and energy which would be

involved

Having now before me the work as a whole I feel that the pressure put or
ru -

Authors to undertake this exacting task has been fully justified. The mo

this work is studied the more evident will it become that the Authors have ap-

proached and dealt with their subject not only with great breadth of view but with

a keen appreciation of the technical and economic problems which have been solved

or are still awaiting solution.

G-. BEILBY.

LONDON,
Maich

t
1924.
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LOW TEMPERATURE CARBONISATION

CHAPTER I

INTRODUCTORY : AN INITIAL SURVEY

PHASES IN THE HISTORY OF LOW TEMPERATURE
CARBONISATION

THE history of low temperature carbonisation, so far as Great Britain is concerned,

may bo divided into two peiiods, I/he first dating from. Parker's original proposals
in 190G, and tlie second ten yeais latei, beginning diumg the Great War, when

the whole question of fuel utilisation proved to be of such importance that the

subject of low temperature carbonisation was raised from relatively limited signifi-

cance to a gieat national problem

Dining the first period experimental work was pursued by Paikcr, Beilby,

Maclaurm, and others These investigators concentrated their attention chiefly

upon the production ol a smokeless fuel, and, dining the eailiei pait of the period,

regarded the ciude oil obtained bom then experiments as being of compaiatively
small importance In 19J2-13 the Royal Commission on Fuel and Engines for the

Navy, under the duimnammrp of Lord Fisher, exhaustively examined the possi-

bilities of obtaining fuel oil fiom existing home industries They jepotted that the

only means of so doing lay in the
"
development of a new caiboiiLsmg industry

founded on the distillation of bituminous coal at a temperature much below that

used in gas retoits 01 coke ovens
"

It wan also cleaily biought out m this Report

bhat, an the possible oil pieduction amounted only to some 5 to 8 per cent by weight

jf the coal treated, the creation of a market for the other products of carbonisation

kvas necessary foi the solution of the economic problem The Report of the Com-

Tiission naturally focussed the attention of the public on the whole subject ol low

/emperaturo carbonisation, and not only provided a new incentive to investigation,

>ut made the problem of the economical disposal of the coke assume new and huge

xroportions

THE WORK OF THE FUEL RESEARCH BOARD

After the outbreak ol the War the work of investigators remained in abeyance

or a time, until the urgency of the supply of fuel oil in particular, and of fuel

onservation m general, brought the definite recognition by the Government in 1916

hat Borne measure of State Aid should bo afforded m the solution of the many
robloms which presented themselves m this connexion It was therefore decided

y the Committee of the Privy Council for Scientific and Industrial Research in

917, on the recommendation of! their Advisory Council, to establish a Board of

B 17
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Fuel Eesearcli, winch should be responsible for the promotion and co-ordination of

research into fuel Sir Greorge Beilby, who had been responsible for much of the

experimental work and inquiries leading up to the Fisher Report, was appointed
Chairman of the Board and Dnector of Fuel Eesearch The terms of reference of

the Board were
"
to investigate the nature, preparation and utilisation of fuel of

all kinds, both m the laboratory and, when necessary, on an industrial scale
"

After

careful consideration of the whole fuel problem from the bioadest point of view,

the Board adopted as their immediate programme two lines of research, viz

(1) A survey and classification of the coal seams in the various mining districts

by means of chemical and physical tests m the laboratory.

(2) An investigation of the practical problems which must be solved if any large

proportion of the raw coal at present burned in its natural state is to be

replaced by the various forms of fuel obtainable from coal by carbonisation

and gasification piocesses.

It will be seen, therefore, that under the second heading the problem of low

temperature carbonisation naturally assumed a prominent place At the time the

Fuel Research Board was formed the shortage of fuel oil for naval and other purposes
was reaching a maximum , and it Avas pointed out to the War Cabinet by the Board

that, although their schemes of investigation could have no possible effect in

relieving the situation during the War, it was of paramount importance that this

question of the supply of home-produced fuel oils for the Navy by the carbonisation

of coal at present used m the raw state should be independently and exhaustively

studied,
"
in order that a definite decision as to the possibility or impossibility of

the proposals should once for all be arrived at
"

The results of the work of the Board at H M Fuel Research Station at East

Greenwich up to 1922 are given m then Repoit for the years 1920-21, published
in 1922,

1 and a careful perusal of this document discloses the fact that, owing to

economic changes which have come about as the result of the War, the solution

of the problem has proved more difficult on the economic side than was anticipated
Much progress has, however, been made, and accurate data 011 many doubtful

points have become available to all serious investigators The Board affirm that

much knowledge has been obtained m the direction of a technical solution, that

this solution is almost within reach, and that the elements of uncertainty still

remaining are mainly economic and social

1 Fuel Research Board Report for the Years 1920, 1921
, Second Section. "Low Tompeia

tore Carbonisation "
(H M Stationery Office )
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STATE OF THE PROBLEM IN 1916

The rapid development of low temperature carbonisation has undoubtedly been

greatly hampered by the tendency of some of the earlier pioneers to attempt the

climbing of a long staircase at a single bound Hence, when m 1916 attention was
iocussed on the problem through the shortage of fuel oil caused by the activities

of German submarines, the whole subject was obscured by the many conflicting

opinions and results obtained by the various groups of workers, whose most praise-

worthy enthusiasm in some cases greatly exceeded their discretion. The Fuel

Research Boaid, however, were able to select certain, data ol unquestioned accuracy
as a basis for the prosecution of their own experimental inquiries,

1 These items

were

(1 )

"
The experience m Scotland for the past fifty years of the shale oil industry
This industry is founded on low temperature carbonisation, and about three

million tons ol shale per annum are distilled at low temperatures ranging
from 450 to 550 C for the production ol paraffin oils and wax

(2)
"
The paialleJ experience of tins industry in the carbonisation of bituminous

coal for the pioduction of fuel gas and other pioducts

(3)
"
The published records of the various steps in the development of Mr T
Parkei's proposal for I/he production of a smokeless solid fuel for domestic

purposes by the carbonisation of bituminous coal in iron vertical retorts,

of small cross-section, at a temperature of about 450 to 500 0. Mr
Parker's experiences established the soundness of his original contention

that coke pioduced from bituminous coal at a temperature not exceeding
500 C

,
to which he gave the name of

'

Coalite,' is an excellent and per-

fectly smokeless fuel for domestic purposes As he had prepared it,

however, it was rather too fragile to stand the rough handling involved in

transport to the consumer Unfortunately, though large sums of money
were expended on the testing arid development of this method on a fairly

extensive scale, success was not attained, and the problem, of the establish-

ment of a new carbonisation industry was still unsolved. The promoters
of Mi Parker's scheme appear to have then abandoned the use of metal

retorts, and adopted firebrick ovens or retorts of the coke oven or gas

retort type

(4)
"
First-hand knowledge of the experiments carried out in the Maryhill works

of the Cassel Cyanide Company, Glasgow, on the carbonisation of bitu-

minous coal at temperatures ranging from 450 to 500 C. and on the

briquetting of the coke so produced
1

Ibid., p. 18.
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(5)
" Some knowledge of the experimental work of Mr B. S Richards on the

carbonisation of bituminous coal at temperatures in the neighbourhood

of 500 0. in an automatic machine designed by him

(6)
"
Reports on the working of the Tozer retort for the carbonisation of

bituminous coal and the production of smokeless solid fuel for domestic

purposes

(7)
"
First-hand information as to the experimental work of Mr Robert

Maclaunn m Glasgow on the carbonisation of bituminous coal by the

sensible heat of a large volume of highly heated gas passed over and

through a mass of broken coal m a vertical column or shaft of the blast

furnace type
"

At a somewhat later date official reports were available on two systems ol

carbonisation for the production of fuel oil which had been experimented with by
the aid of Government subsidies These were

(1) A retort of the Chiswick type which had been erected at the Nottingham
Gasworks for the carbonisation of cannel coal

(2) The
"
Barnsley

"
firebrick retorts, which had been subsidised by the Depart-

ment of Explosives Supply with a view to the production of benzene and

toluene These retorts were subsequently abandoned and replaced by the

setting described on page 206

FURTHER ADVANCES SINCE 1916

From the foregoing, useful generalisations may be diawn, many of which have

now been definitely and finally confirmed as the result of the work of the Fuel

Research Board Of these, the selection of suitable coals appears to be by far the

most important Parker's original iron ictort possessed many excellent features, but

broke down through the use of unsuitable coal, and an excessive heat gradient
from the furnace or oven inwards The importance of the rich gas ad one of the

most desirable assets of low temperature carbonisation has only been recognised

comparatively lately , and, whatever were the other defects possessed by the Parker

metal retorts, they were at any rate perfectly gastight, a feature which long

experience in the Scottish shale oil industry has shown to be unshared by any type
of firebrick retorts worked under tempeiature conditions corresponding to those

necessary for the production of smokeless fuel and oil

The preparation of the coal for carbonisation has also been shown by the Fuel
Research Board to be of immense importance in the production of a robust coke.

The material, which even m a single coal consists of bands of varying fusibility,

must be broken down and intimately mixed, so that the properties of the more
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fusible portions shall be utilised to bind together the less fusible particles , and,

li the coal is deficient in either of these two constituents, the correct proportion

must be ensured in some way, usually by blending in suitable proportions with

mother coal possessing the properties in a high degiee winch are deficient in the

irst.

The question of drying the coal 10 also of some importance. The operation of

Irymg is much simpler than that of carbonisation , and it is obviously uneconomical

3oth in capital and heat to use an expensive rotoit for an operation which can be

)erfoimed much more cheaply in an apparatus especially designed for the purpose
Another important reason for the failure of some of the earlier processes lay in

lie tendency of the inventor to attempt too much in the efi'oit to produce an

apparatus of universal application to shales, canncls and coals Such investigators

vould have been well advised to select one material for experiment, and to con-

inue work upon that material until success had been attained On the contrary,

Lowever, retorts were erected which, long before they had proved themselves in

,ny direction, were provided from day to day with coals of widely differing cliaracter-

stics Under such conditions no retort, however excellent, had a leasonable chance

'f being perfected, and the results obtained, although imposing, possess little value

o the discerning mind

As a result of the experimental work of the Board, it is to be hoped that the

ime has gone by when the costly mistakes which have been made in the past will

e repeated Although it cannot be claimed that complete success has been

chieved, data of unquestionable accuracy are at least now available for all serious

ivestigators working on the difficult problem of low temperature carbonisation
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THE AIMS OF LOW TEMPERATURE CARBONISATION

THE IMPORTANCE OF COAL

THE importance of coal as one of the chief sources of our national wealth, cannot

be disputed , nor, in the face of our dwindling supplies and the increasing difficulty

of winning these supplies, can it be said that too much attention is being paid to

the problem of the scientific utilisation of our coal reserves In the past, fuel has

been used by man in ever-increasing quantities ,
but m most parts of the world

the supply has been so plentiful compared with the requirements that there has

been little inducement until recently to study the most economical methods of its

use The conception, at one time of popular acceptance, that coal is a fuel which

will mainly be consumed in the raw state, is at length "being replaced by the correct

and scientific view that coal is a commodity which should be made to yield other

fuels of higher
"
availability," and from which valuable by-products as well as fuel

should be obtained Although scientifically the burning of
" raw "

coal m boileis

and furnaces for the production of heat and power must be deprecated, it must

also be recognised that no adequate substitute is yet forthcoming Water power
on a large scale is unobtainable in this country , and, while it is to be expected that

an increasing and extended use will be made of oil fuels, this country is entirely

dependent upon imported supplies The present demand for oil fuel is already

beginning to encroach seriously upon the estimated oil reserves of the world, and
unless or until vast fresh oil fields are located, or new sources of supply found, there

is no possibility of the supplanting of coal by oil as the main source of our powei

supply As for gaseous fuel, the total substitution of gas for the raw coal at present
consumed m producing heat and power introduces problems which for various

reasons are not easy of solution In any case, the extension in the use of both oil

and gaseous fuels leaves untouched the pressing problem of the supply of a satin-

factory fuel which can be burnt m the already existing domestic grates without

involving much, if any, cost on account of their structural alteration.

THE CARBONISATION OF COAL

It is well known that the carbonisation of coal, i e. the heat treatment without

access of air, yields solid, liquid and gaseous products solid fuel in the form of

coke, liquid fuel such as motor spirit, fuel oil, lubricants, etc
, gaseous fuel suitable

for lighting, power and heating purposes, together with other products which may
be used in the prepaiation of fertilisers, explosives, disinfectants, or which form
the basis of the artificial dye industry This treatment of coal is not only desirable

m order to increase the
"
availability

"
of the potential thermal units m the coa ]

22
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a term which will be further explained in the next chapter but also to recover

valuable by-products such as sulphate of ammonia, etc., which are not fuels

The carbonisation of coal IB much more complex than is the distillation of a

Bimple liquid mixtuie In the latter case distillation may be carried out in stages,

and the resulting fractions can in general be readily sepaiated In other words,

the distillation process is purely a physical phenomenon In the caso of coal, how-

ever, chemical reactions may proceed simultaneously with physical modifications

as the temperature oi the material is increased, and different products may be

evolved, the separation oi which is a tediouH and costly proceeding Further, the

final form of existence of the products yielded by the carbonisation of coal is

influenced by considerations other than the temperature employed Not only is

the raw material itseli a variable factoi, but the conditions under which the process

is carried out also ailect considerably the final products of distillation

There are no definite lines of demaication between the various methods whereby
coal can be carbonised, and the tompeiatmes employed merge gradually in different

types ol plants fiom high, medium to low Again, it may be found that a process

of carbonisation, first at low temperatures and aftei wards at high temperatures,

may in certain cases give results of economic value The process of liquefying

ceitain coals by hydiogenation undei pressure, into which considerable research is

being made at the piesent time, also points out a method of treating coal which

may possibly in the futuie prove a nval to those processes at present practised

No attempt will bo made here to adjudicate upon the controversies between the

advocates of the different methods of carbonising coal, each of whom would naturally

like to see the process in which he is interested become of universal application.

There is, however, ample room in industry for a variety of processes, since the

distillation of coal yields a large number of products, and it must be recognised

that the maximum quantity and the highest quality of each cannot be obtained

simultaneously. Thus the main desideratum of high temperature distillation in gas

retorts or by chamber carbonisation is a maximum yield of gas of the
"
declared

"

calorific value, and the recovery of coke, tar, etc., must be termed of secondary

importance, although the financial results from the sale of these by-producfcs play

an important part in making the process successful commercially In the by-product

ovens of the Koppers or Semet-Solvay type, gas and tar are in effect by-products,

and a maximum yield of hard metallurgical coke is of primary importance In

producer gas plants a supply of gas for power purposes not necessarily of high

calorific value is desired. The mam desiderata of low temperature carbonisation

are, however

(1) The production of smokeless fuel suitable for domestic and other purposes.

(2) The maximum production of oil of low specific gravity.

(3) The maximum production of gas of high calorific value.
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The amount of incondensable gas which is obtained in low temperature carbon-

isation is comparatively small, but as the gas possesses special properties and has

a high calorific value, its sale will have an important bearing on the financial success

of the process.

The volatile content of the coke varies from 8 per cent to 10 per cent against

a volatile content of 1 per cent to 4 per cent for high temperature coke Low

temperature coke can be easily ignited, and can be used in open fire-places as at

present constructed.

SMOKE POLLUTION

The wasteful practice of burning raw coal in furnaces and domestic hearths not

only represents a direct national loss through the non-recovery of valuable by-

products from the coal, but is the chief cause of the smoke nuisance of large cities

and manufacturing centres The pall of smoke which hangs over all industrial

TABLE I

DEATH BATE AND CAUSES OP DEATH IN LONDON IN NOVEMBER, 1922

DEATH BATE CAUSE OF DEATH IN LONDON

_ . _ , _ . England Bronchitis & Heart Other
Week Ending London and Wales Pneumonia Diseases Diseases

Nov. 11, 1922 12 5 12 6 208 198 677

18 133 129 257 219 679

25 143 126 326 265 689

Dec. 2 13-0 126 268 181 680

towns on a calm day is a sufficient indication of the attendant evils. At these

great centres, where large numbers of people must necessarily reside, public health

and plant life not only suffer from the ensuing pollution of the atmosphere, but also

from the reduction of the hours of available sunshine Thus the figures in Table I

are significant when it is remembered that, early in November, 1922, London was

visited by a severe fog. It will be seen from the table that, whereas the death-rate

over the country remained approximately constant throughout the month, that in

London was considerably increased, due chiefly to deaths from bronchitis and

pneumonia. Other factors must of course be taken into consideration
;
but that

smoke pollution is a contributory cause to general ill-health appears to be clearly

radicated not only from this table, but from other statistics bearing on this

particular subject
'

Fogs not only affect adversely the health of the people, but cause vexatious



AIMS OF LOW TEMPERATURE CARBONISATION 25

delays m traffic and loss of time and temper, while involving great expenditure on

artificial illumination. Furthermore, public buildings and monuments are dis-

coloured and damaged by the soot and acid oi the smoke. Even in the average

household the additional expense of the smoke nuisance is appreciable An investi-

gation was made in 1918 to ascertain the comparative cost of household washing
in Manchester and Harrogate. It was found that the extra cost in Manchester for

fuel and washing material, attributable to the smoky atmosphere, was equivalent

to about 7Jd per week per household It IK computed that the total yearly loss

for Manchester and Salford is nearly hall a million sterling
x The baneful effects of

smoke in cities are fully described in the Final Report of the Committee on Smoke

and Noxious Vapours.
2

Smoke is omitted to the atmosphere in the main from two offenders the

industrial and the domestic chimney Their relative culpability cliHers in various

localities, and the remedy in each case is not the same. The employment of

mechanical nicking and careful hand stoking has, in the case of industrial plants,

done much to render possible that constancy of fuel supply to boiler furnaces which

prevents the formation of smoke ,
while the ] uglier temperature of a well-regulated

furnace over that of a domestic fire tends to make any resulting smoke less obnoxious

and injurious It is generally agreed that, at least in many cities, the domestic

chimney is the chief offender as regards the smoke nuisance

Little can be done locally to reduce the smoke nuisance from the domestic

chimney. Sir Napier Shaw,
3 the Chairman of the Advisory Committee on Atmo-

spheric Pollution, has suggested that a reduction in rateable value should be made

for a smokeless house Moieover, m a large number of the houses now being built

in various parts of the country provision is made for only one coal fire per house

that is, one in the mam living-room It should be further noted that in the recently

published report of the Public Control Committee of the London County Council

the Committee express the opinion that the time has arrived when the use of the

old-fashioned kitchener might well cease
,
not only because it is inefficient, but also

because it must be held responsible for a very large proportion of smoke arising

from domestic chimneys
4

Suggestions of this description are, however, not always immediately practical,

and in any case arc only palliatives The smoke nuisance problem must be examined

from the broad national standpoint, and its solution will be hastened if it is found

possible to obtain an adequate supply of smokeless fuel suitable for domestic

purposes Undoubtedly the burning of smoky coal for domestic purposes cannot

1 Thomson, W Manchester Guardian, 22nd February, 1922
2
Ministry of Health Committee on Smoke and Noxious Vapours Abatement . Final Report.

(II.M Stationery Office )
3 Shaw, Sir Napier, F R S Times, 23rd August, 1921
4 London County Council Report of Public Control Committee, 3rd July, 1923.
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well be prohibited by legislation until a recognised valuable and economic substitute

for raw coal is upon the market in sufficient quantities

SMOKELESS FUEL

The use of gas for cooking purposes is diverting a certain proportion of coal

from the domestic fire-place, but neither gas nor electricity scerns likely to become

universal for heating purposes in households. Although the efficiency of a domestic

fire-place as a heating agency for rooms is low, it must be recognised that factors

other than thermal efficiency render it improbable that open fire-places will be

superseded at an early date The average Englishman likes to see a cheerful fire

in his living-rooms, and this cherished desire is proof against such scientific details

as lack of efficiency, etc Although national sentiment in favour of open fire-places

is not likely to be changed in the near future, many of the drawbacks of the present

system would be reduced by the substitution of a good smokeless fuel for the soft

bituminous coals now used There is theiefore ample scope for the development
of suitable processes for the carbonisation of coal at low temperatures, and it is

reasonable to expect that commercial success will eventually be attained.

The requirements of a good smokeless fuel in this country may be thus briefly

summarised

'(1) It must have been previously treated for the recovery of valuable by-

products from the raw fuel and so rendeied smokeless

(2) It must contain sufficient volatile matter say 7 per cent to 10 per cent

or be of such a structure as to be easily kindled and kept alight in open fire-

places as at present constructed, i e it should require very little draught
for combustion

(3) It must have a relatively low ash content , partly to prevent an undue

reduction in its calorific value, and partly to reduce the dust imiltant upon
combustion when burned in household fires, and to leduco clmkcrmg tioubles

when binned in boiler furnaces

(4) It must not be so friable as to break easily during handling and tiansport

(5) It must be compact, but not of such a structure that the ash formed during

combustion covers the surface of the fuel in such a manner as to hinder

combustion or to mask radiation

(G) Its price must be sufficiently low so that when the other advantages are

taken into account it will attract purchasers away from bituminous coals

If the coke be sold m the form of briquettes, the advantages of uniformity
and coherence should be taken into account when considering the economic

value of the bnquettes
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OIL FUELS

According to Lloyd's Register, the s s Bakmn was fitted for burning oil fuel

m 3892, and was m all probability the first oil-burning steamer engaged in con-

tinuous sea service Since that time engineers have watched with interest the great

developments which have taken place m the substitution of oil for coal in ocean-

going vessels. During the past fifteen years the gradual replacement of coal by oil

has been going on in the Navy, and at the present time almost complete substitution

has been ellected.

Jn the Mcicantilo Marino developments have been less rapid, owing to the fact

that m thin service overall economy m working must necessarily be a consideration

of greater urgency than in the Navy, where the efficiency of a ship as a fighting

unit is of the first importance It is, however, worthy of note that in the
"
Report

of Lloyd's Rcgtbtcr of Shipping lor the Year 1922-3
"

it is stated that
"
vessels

to the number of 123, representing 782,830 gross tons, or 48 4 per cent oi the total

tonnage of new vessels classed during the year under leview, were fitted for burning

oil Juel
"

At the same time it should be mentioned that the Society's Keport

points out that it docs not necessaiily follow that all such vessels are at piesent

using oil Again, since July, 1914, the tonnage of vessels fitted for burning oil fuel

on Lloyd's Regi^tct had increased almost twelvefold by July, 1923, and vessels

fitted with oil engines had increased from 297 (234,287 gross tons) to 1,831 (1,668,414

gioss tons) m the same time

Even befoie the great European War the question of the home supplies of oil

fuel ior the Navy and Mercantile Marine had been given anxious consideration by
those in authority The subject was first exhaustively examined by Lord Fisher's

Commission dm ing 1912-13, while emergency inquiries were conducted during the

War with the same object. None ol these later inquiries added materially to the

information which had been collected and verified by the Fisher Commission, whose

main arguments are as true to-day as they were in 1912
, while, as we have just

shown, the urgency of the problem has been greatly intensified.

The importance of this matter was demonstrated most forcibly during the War,

for it is generally known that the reserves of oil m this country were on occasion

dangerously low. The only practicable steps to relieve this shortage from home

sources that could then be taken were to develop the Scottish shale industry to

the utmost, and to divert for Admiralty use as much as possible of the heavy oil

produced by the existing carbonising plants The augmented supply of fuel oil

from these sources was, however, very small relative to the war demands of the

Fighting Services. Although the requirements of the Navy have now been reduced

to pre-War standard, or even below it, the increase m the use of oil in merchant

vessels makes the question one of rapidly increasing importance from the national
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point of view. It is true that tlie period of scarcity and high prices has passed for

the present, but the fact still remains that this country is dependent upon overseas

supplies for all fuel oil required. The amount of fuel oil that can be obtained by
the carbonisation of coal at the high temperatures employed in ordinary gasworks
or coke ovens is comparatively small, even apart from the fact that there is already

a regular outlet for the products ordinarily obtained by these processes There

remains, however, the possibility of employing some process of carbonisation at

low temperatures, and the position thereby created is summarised in the Report
of the Fuel Eesearch Board for the years 1918-19,

1 as follows

"
If bituminous coal is to become an important source of home supplies of

fuel oil for the Navy and Mercantile Marine, tens of millions of tons per annum
of coal, which IB at present burned in the raw state, would need to be subjected
to a preliminary process of carbonisation, and thereby split up into gaseous,

liquid and solid fuels, which collectively would be used to replace this raw coal

for the purposes for which it is at present consumed "

It must be recognised that the value of the oils obtained by low temperature
carbonisation will be dependent for many years to come on the competitive puce
of the petroleum obtained from the oilfields of the world. This value will rise and

fall for reasons outside the control of those in charge of low temperature processes,

and may possibly fluctuate independently of the markets for the other commodities

Until the industry has become stabilised, therefore, optimistic monetary values of

low temperature oil should be accepted with caution.

LOW TEMPERATURE GAS

In the early attempts to work low temperature processes the gas obtained was

used to supply the heat required for the retorts. It must be said m passing that,

owing in some cases to loss of gas through the use of unsuitable retort materials,

the heat so obtained was insufficient for the purpose, and extra souices of heat had
to be supplied The passing of the Gas Regulation Act of 1920, whereby gas com-

panies are empowered to charge for gas by calorific value instead of by volume,

has, however, placed a new value upon the gas obtainable by low temperature
carbonisation This gas, being very high in calorific value if uncontarmnated by
the heating medium, would be exceedingly useful as an enriching agent for

increasing the calorific value of low grade gas, and is therefore of direct interest

to the gas companies It is almost certain that improved economic results will

be obtained by the use of producer gas of low calorific value as the heating

agent for the low temperature retorts p,nd the sale of the rich gas obtained by the

1 Fuel Reseaicli Board Report foi the Years 1918, 1919 (H M Stationeiy Office )
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process This, as was first pointed out by Sir George Beilbj^ "may form a^--

connecting link between the gas-making industry and the establishment * ot $h&\^
new process, and the gas may become one of the most valuable and least speculative

of the assets of low temperature carbonisation.

RIVALRY BETWEEN CARBONISING SYSTEMS

It is perhaps not difficult to appreciate the want of enthusiasm which has in

the past been shown by gas engineers towards the process of low temperature
carbonisation. Not only are the pioccssoH of high and low temperature carbonisa-

tion very distinct, but in the former case wo have an industry which is, after years

of expeiience and development, well established, m which many millions of pounds
have been invested, in which trustwoithy data relating to processes are published
in numerous technical papeis, and in which the values of the products of caibomsa-

tion are well known and where these products are widely utilised in industry and

in the homo In the latter case wo have an industry, 01 a possible industry, which

has not yet been placed upon a stable fin a ncml basis, m which there has not until

lately been available any independently established data, in which much research

work has yet to be undertaken, and in winch markets must be created for the

products of caibomsation

The nvaliy between the advocates of each system of coal carbonisation is com-

mercial rathei than scientific Each system may supply a want which the other

cannot satisfy, and one cannot thciefoic under present conditions displace the

othei. Uniformity of treatment of all our coal supplies by any one process could

only be possible if all coal were alike and thcie were no demand for the products

of other processes The question of the relative efficiency of difl'eient processes,

though interesting from a scientific standpoint, is therefore not of pumary

importance

DIFFICULTIES IN THE ESTABLISHMENT OF LOW
TEMPERATURE CARBONISATION

It is unnecessary to enlarge upon the great possibilities of the products of low

temperature carbonisation These have already been put forward m recent years,

with perhaps more than justice, in the statements which have been made by sanguine

inventors, and in the prospectuses of companies which have been floated to develop

one or other patented process. It has been truly said that the advantages of low

temperature carbonisation are too obvious Many of the excellent results obtained

from materials in the laboratory are unquestioned, but before the same results can

1 Fuel Research Board Report for the Years 1920, 1921 , Second Section . "Low Temperature
Carbonisation

"
(H.M. Stationeiy Office.)
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be produced by a plant on a commercial scale many technical problems have to

be solved and much, large-scale experimental work undertaken. The necessity for

technical investigation and control cannot be overestimated, and it will be found

in this, as in so many other manufacturing enterprises, that favourable results are

largely influenced by the many small economies and modifications of working
determined by careful supervision The probability of the commercial success of

any low temperature process and its capability of general application cannot, indeed,

be determined until after Mi-scale plants have been in operation for considerable

periods.

The process of coal carbonisation itself is most complicated, and the problem
is rendered still more complex by the wide differences which exist between different

coals and even sometimes between samples of coal taken from the same seam
Proximate and complete analyses, though useful, are not complete indications of

the behaviour of coal m all types ot retort, and microscopical research work has

not yet been fully co-ordinated with the results of actual expeiience In order to

assess any low temperature process commercially, not only have the kind of material

treated and the products of distillation to be considered, but also the methods of

operating the plant and the mechanical details of the retort Although much work
has been done to establish the broad underlying physical and chemical pimciples

governing low temperature carbonisation, a moic detailed amplification of these

pimciples to suit local conditions has still to be determined

Broadly speaking, the establishment of low temperature carbonisation as a

commercial possibility is dependent upon four important factors
3
viz

(1) There musL be ample supplies of the raw material

(2) The plant must be such as will have a icasenable life, and it must be under
the control of an experienced and scientific staff

(3) The products of distillation must be in a maiketable form, oitliei for the

direct use of consumcis, or as the raw material in othci industries

(4) The commercial value of the products after retorting must admit of a reason-

able margin of profit after meeting the woikmg costs and manufacturing
expenses, including the depreciation and renewal of the plant

THE ESTABLISHMENT OF MARKETS FOR LOW
TEMPERATURE PRODUCTS

While the four factors given above will be discussed in greater detail, tlieie is

oii(3 aspect of the third which might conveniently be enlarged upon at this stage,
viz that there does not at present exist a demand for tlie special products of low

temperature carbonisation. A market there assuredly is lor coke, oil and gas
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obtained by low temperature carbonisation ,
but it is a market in which the specia

properties of these products receive little, if any, commercial recognition For

example, there has been sufficient low temperature coke distributed and sold within

recent years for its admirable properties as a domestic fuel to be widely recognised.

There is, however, as yet no great demand amongst householders for this fuel in

preference to raw coal
, and, if it were produced on a largo scale, the degree to

which its superiority over raw coal would be reflected in the price which consumers

would be willing to pay is unknown.

Low temperature oil and low temperature gas are in fclie same category, although

not to the same degiee It will be lound later that the economic stabilisation of

low temperature carbonisation is largely dependent upon the establishment of

markets for the gas, coke and oil, in which there is a commercial recognition of the

special propeitics of the products obtained by the process. Until a full-scale plant

has been running for some considerable time and has been disposing of its products

in a fice market, any enhanced estimates of the value of those products must be

accepted with caution



CHAPTER III

THE FUEL PROBLEM

ASPECTS OF THE FUEL PKOBLEM

THE fuel problem may be stated in many diverse ways It may be that, in the

first place, it is desired to draw attention to the world's diminishing supplies ol the

known fuels, to the increasing difficulties in obtaining those supplies and to the

corresponding necessity for utilising them economically and efficiently , it may Tbe

that, in the second place, it is desired to urge the necessity of research for additional

or alternative supplies of fuel , or it may lie that, in tho third place, it is desired

to study the methods whereby householders and manufacturers may obtain heat
and power from fuel in the most convenient form for their immediate needs

Many papers have already been written on the first statement of tho problem,
and it is only necessary here to recapitulate some of the mam facts Tho second
statement of the pioblem falls outside the scope of this volume, but it, is desirable

to discuss fully aspects of the third statement of the problem with particular
reference to the process of low temperature carbonisation

COAL
In regard to the first statement of the problem, it is lecognihed that coal is the

most important source of the woild's fuel supply The amount oJ the woild'n coal
reserves is, however, a very hypothetical figure At the Woi Id'* Geological Congi ess
held in 1913, these reserves were estimated to be about 7 4 million million tons
Of the total, the reserves of the United States were estimated to be about 52 por
cent, of Canada about 17 per cent, of China about 13J pci cent, oC Germany about.

5f per cent, and of Gieat Britain only about
2-J per cent It is not, nocossary !u-ic

to discuss the validity of these figuies, or the piobable length of time required l,o

exhaust these stores, though it should be noticed in posing that, thu vanoim
estimates made by expeits agree that this period of time miiht bo manured m
hundreds of years only A more impoitant matter from the point of view of thin
country is the comparison of the coal supplies of Great BnUm wi(Ji thoso of hrr
nearest trade rivals One of the reasons for the great mcu-ase m tho prosperity of
Great Britain during the past century was the plentiful supply of good and cheapcoal This enabled manufacturers to keep down tho costs of p, eduction and w\*
them opportunities of competing successfully m the world'* mailed*. It IH now
agreed, however, that, at the present rates of consumption, the resorven of Giont
Britain will be exhausted long before those of Ainouca and Gcimany Although

fwLlT T1 ^^"^ as y^ * * l seen that, ae our roumrl
dwindle, the cost of winning the coal from greater depths and from thinnermust increase, so that it may be only within a few generations that our coal expol

32
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will dimmish to a negligible quantity, and our mdustiics will be penalised by paying
more for their coal supplies than do the industries of their foreign rivals. It is the

price of coal, and not the quantity of the reserves, which governs the commercial

utility of our national coal resources Though the reserves in Great Britain are

not likely to be exhausted for many years, the present generation must be con-

sidered the guardians of the geological heritage it has received

The world's production of coal at present is of the order of twelve hundred

million metric tons Table II gives the amounts produced in various countries for

the years 1919, 1920 and 1921, and also the mfoirnation received by the United

States Geological Survey up to March, 1923, on the world's coal production in 1922

The production of certain countries for 1922 is not given, but the total of the

missing data ordinarily amounts to 4 per cent only of the aggregate The estimated

total for 1922 given in Table II is not likely, therefore, to be very different from the

actual pioduction The unit used is the metric ton of 2,205 Ib
,
the approximate

equivalent of the long or gross ton

ESTIMATE OF THE WORLD'S PRODUCTION OF COAL IN THE CALENDAR YEARS 1919,

1920, 1921, \ND 1922

(Jounliy

A u.stralia,

Belgium
British India,

Canada

Jlnna

)zocho-Slovalaa

France

Uerraany-
- Coal

,, Lignite

Fapan
Jnion of S Africa

Tinted Kingdom
Jmted States

)ther Countries

1,168,000,000 1,317,000,000 1,133,600,0'

Estimate included m total f Includes Saar and Upper Silesia.

Of the major coal-producing nations, Great Britain and France are therefore

he only ones to show an increase for 1922 over 1921. The proportion contributed
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by the United States was about 35 per cent of the total, and the reduction in output

during the years 1920-2 is very marked. The proportion contributed by the

United Kingdom is just over 20 per cent of the total, a great increase over that

of the preceding year ;
but the drop in the production for 1921 must be attributed

to some extent to the coal strike of that year.

The proportion contributed by Germany, including the output of lignite, is just

over 22 per cent of the total. According to the Keport of the Keich Coal Council,

the German production of coal for 1922, exclusive of the Saar district, amounted

to 129,964,000 tons, which is about 4| per cent less than that for the previous year,

and about 31-6 per cent less than that for the year 1913. On the other hand, the

production of lignite for 1922 was 137,207,000 tons, being 114 per cent more than

that for 1921, and about 57-5 per cent more than that for 1913. These figures

confirm those given by the United States Geological Survey.

LIGNITE, SHALE AND PEAT

Other potential sources of the world's fuel supplies are the brown coals, lignites,

shale and peat. Extensive beds of brown coal occur in Germany, Central Europe,
Victoria and Canada, but only to a very limited extent in England In Germany
the use of brown coal has been greatly developed in recent years. Since lignite,

where available, is at the present time the cheapest source of thermal units,

Germany's example is being followed by other countries The importance which

brown coal is likely to attain in future has been very clearly shown by Sir Geoige

Beilby,
1 and need not be recapitulated.

In the British Mes the second in order of importance as regaids our fuel supplies
are the oil shale deposits and the peat bogs. At present no commercial method has

been developed to deal with the large percentage of sulphur unfortunately associated

with some of the larger shale deposits which so seriously diminishes the usefulness

and value of the oil products. In America and other count-lies, however, the

problems connected with the utilisation of the vast deposits of oil shale are in some

lespects different to those in Great Britain Neither in Gieat Britain nor abroad,

however, have these problems yet been satisfactorily solved.

The problems connected with the winning and drying of peat have also received

much attention, but those arising from work on a large commoroial scale are still

unsolved,. Peat blocks lend themselves admirably to Cc^rbomsation at low tempera-
tures, but it is impossible for developments to occur in this direction until the

prior problems of winning and drying have been satisfactorily dealt with. It IB

clear, for example, that before peat can be said to possess any economic value,

1
Beilby, Sir George. Pud Problems of the Future, lust, of Civil Engmeeis James Fonoflt

Lectme, 1921.
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machinery must be employed on a large scale for its winning and preparation. The

drawback to the development and use of machinery for peat production is that, so

far, the cost of production is more than the commercial value of the product, at

least in localities where coal is within reasonable distance.

OIL

Of the world's alternative sources of fuel, oil is at present next in importance to

coal. Of the output for 1920 of about 97 million tons of oil, the United States

produced 64 8 pei cent, and Mexico 23-3 per cent. The supply of natural oil in

this country is practically negligible, although in times of peace, at all events,

British interests in Eastern oil fields mitigate this disadvantage to some extent.

Estimates of the oil left m the oil fields of the United States indicate that they
will last barely twenty years at the present rate of consumption. Probably, how-

ever, the production will be spread over a much longer period, though in later

years it may be at a declining rate. There is therefore serious, though not immediate,

concern for the future of the oil supplies from the United States oil wells It is

estimated that there still remain enormous reserves in Mexico and other countries ,

though in some quarteis the fear is expressed that Mexico's present phenomenal

production may not much longer be continued

The potential oil supplies to be obtained by the treatment of coal at low tem-

peratures will be discussed in this volume, though no attempt will be made to

consider the broader problem, viz. the heat treatment of all carbonaceous materials

Enough is known from laboratory experiments to justify the hope that, from these

sources alone, it may be possible to draw a plentiful supply of oil to meet the world's

needs for many centuries to come. Although full-scale experiments have not been

equally successful, it is believed that the knowledge and experience gained during

recent years will shortly make it possible to establish an industry on sound com-

mercial lines whereby both oil and smokeless fuel supplies will be obtained in bulk,

either from material which is at present consumed in a raw state, or, in a more

limited number of cases, from the so-called
"
waste fuels

"

ALCOHOL

As an alternative motor fuel to oil, alcohol may become of increasing importance.

Crude oil has, however, an advantage over alcohol, inasmuch as it yields both

lubricating oil and fuel oil. Alcohol, even if produced at a cheap enough rate,

cannoL therefore wholly supersede crude oil for industrial purposes. The problems

connected with the available sources of supply and the manufacture of alcohol, its

suitability for use in internal combustion engines and its denaturing for industrial
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purposes, are discussed in the Memoranda on Fuel /or Motor Transport,
1
published

by the Fuel Research Board in July, 1920, and December, 1921. The investigations

as to the possibilities of producing alcohol within the British Empire are still in

progress

THE UTILISATION OF THE HEAT OF COAL

The consideration of the economical use of our fuel supplies leads to a discussion

oi the third statement of the fuel problem, i e. the methods whereby householders

and manufacturers may obtain heat and power in the most convenient form for

their own immediate needs. Fuel is not an end in itself, but merely a means to

an end. The householder requires heat for the preparation of his food, and for

the maintenance of those equable conditions of his dwelling, upon which the health

and comfort of the inmates depend. To a minor extent he would often like also a

small amount of heat energy as power, in order to be able to mstal labour-saving

devices m the home. On the other hand, the manufacturer only requires heat to

a minor degree for the maintenance of an equable temperature in his factones.

To a mucb. greater extent he desires to have heat energy to supply his motive power
and to drive his machines, or to initiate or produce some chemical change m the

raw materials of his manufacturing processes Occasionally he may wish to store

potential energy which can be conveniently utilised at another spot, as, for example,

by the pumping of water or by the manufacture of calcium carbide.

In the great majority of cases in which heat is utilised, however, the process

eventually involves the complete loss to mankind of all the heat supplied. For

example, in the case of a steamer crossing the ocean, fuel is burnt and transformed

into work through the media of the boilers and engines. This work is used to drive

the ship against the resistance of wind and water In the process eddy cuirents

and waves are set up, and when these finally die away the whole of the heat from

the fuel has gone to raise mfimtesimally the temperature of the surrounding sea

and air.

Fuel is the chief, although not the only .source of the energy of our modern
industrial life. For convenience to householder ftnd manufactmer, it may be

desirable to transform the heat energy oi coal mlo other foims of potential energy,

as, for example, into gas and electricity for heat, power and light, etc. In

any case, both the acquirement of the fuel and the transformation ol its heat

energy into the desired form are accompanied by losses which are occasionally

many times that of the heat finally stoicd or utilised. The third aspect of the fuel

problem is therefore concerned with methods of obtaining energy in some particular
foim at a definite spot with the least amount of loss.

1 Fuel Research Board Intcnm Memorandum on Fuel for Motor Transport.
Fuel Research Board. Second Memorandum on Fuel for Motor Tianspoif (HM. (Stationery

Office )
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AVAILABILITY OF HEAT

Sir George Beilby lias used the term
"
availability o heat

"
in connexion with

tins aspect of the question. One fuel is then said to be of highor availability than

another for a particular process when ltd heat can be used more conveniently 01

efficiently for that purpose In all processes of fuel production and preparation it in

desired to increase the availability ol the heat, and theieby increase also the value ol

the fuel for special purposes Coal in ita native state underground cannot bo lined in

industry until it has been won and raised to the surface The procesnoB of winning

and raising increase, therefore, the heat availability The coal may then bo washed.

Washing may make possible the more efficient use of the potential lieat o{ i.ho

coal, and so may increase the availability of! the heat energy of the fuel, which in

then further increased (from the consumer's point of view) by its traiwrportatiori lo

the user by rail 01 sea. The object of submitting coal to one of the pioceisscH of

carbonisation is to raise further the availability oi the heat units In the form

of gas or oil these units have a much greater degiee of availability, rendeimg them

more valuable to the fuel consume!, and enabling them to command a higher price

than an equal number of heat units in that tuel m any of ii/n original stated

THE INCREASE IN HEAT AVAILABILITY

All processes for laismg the availability of heat/ are accompanied by IOHHCH Tu

coal washing, tor example, a proportion of the
"

fines
"

is earned away with the

ash in the slurry. In gasification, heat is lost in radiation and* in the condensing

plant. These processes also involve monetary expenditure- in the form of laboui

charges and profit Since the resulting fuel must bear all these costs, the problem
becomes that of deciding whether the increased availability ol the heat units in

the finally produced fuel is worth the increased cost

It will always be found that the actual heat employed in the utilisation process
becomes more expensive as the availability of the fuel IH increased, since each of

the final heat units must be debited with its share of the British Thermal Units

lost in the production of the final fuel. In other words, the over -all thei mal efficiency

of the process of obtaining and preparing the fuel is decreased an the availability
of the heat is increased. It becomes necessary to judge in each cane of commercial

heat utilisation whether it is economically sound to use a large amount oE heat

from cheap fuel which cannot be utilised with high efficiency, or, on the other hand,
to use a smaller amount of heat from a high grade fuel which can bo used with

high efficiency and great convenience. The prices commanded by a therm (viz

100,000 British Thermal Units) in various forms of fuel differ according to the

relative costs of the fuels at any time or place, but for convenience of reference are
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given between wide limits in Table III. These figures are in themselves a measure

of the value of the higher availability of special fuels. It may be said, therefore,

that the aspect of the fuel problem thus presented is that of raising the availability

of the fuel at the least possible cost.

TABLE III

COST OP ONE THERM IN VARIOUS FORMS OF FUEL Penee

Coke at 26/~ to 40/- per ton, say 8 Ib per therm . . 1 1 to 1 7

Coal at 30/~ to 50/~ per ton, say 7 J Ib. per therm . . . . 1 2 to 2

Fuel Oil at 5d, to 6d. per gallon, say 6 Ib. per therm . . 3 to 3-8

Gas at 9d. to lid per therm 9 to 11

Petrol at 1/4 to 2/6 per gallon, say 5 Ib. per therm . . 11-0 to 20-6

Electricity, 29 units at l|-d. to 3d. . . . 43 5 to 87

Alcohol at 4/- to 5/- per gallon, say 8 3 Ib. per therm. . . . 49 6 to 62

APPLICATION TO LOW TEMPERATURE CARBONISATION

It will be seen m a later chapter that this aspect of the fuel problem is of

particular importance to those interested in the development of the process of

low temperature carbonisation. The availability of heat in coal is undoubtedly
increased by carbonisation at a low temperature The immediate problem to be

solved by advocates of low temperature carbonisation is to make the cost of

treatment of the original fuel sufficiently low to attract consumers generally, or for

any particular industry, by the extra convenience and heat availability of the

resulting fuels.

Although much might be written about the desirability and necessity of the

utilisation of the so-called
"
waste fuels

"
and, of the inferior fuels, such as shale

or peat, it must be recognised that, in many cases, it is at present commercially
unsound to attempt to increase their heat availability. There must always be a

certain amount of waste fuel, no matter how ecarce or expensive high-class fuel

may become. It is only as the higher grades of fuel increase m price that increasing

supplies of the lower grades of fuel become economically of importance. Examina-

tion will be made in later chapters of the claims made by some inventors of processes
of low temperature carbonisation to utilise the fuels which are, under present
industrial conditions, only potential sources of heat and power It may safely be

assumed that, even if certain of these processes are not commercially sound at the

present moment, the changing conditions due to the undoubted gradual rise m
the costs of the higher grade fuels may eventually enable some of the presejat

processes, or improvements on the present processes, to become of commercial

importance.



CHAPTER IV

NOTES ON THE CONSTITUTION OF GOAL

INTRODUCTORY

ALTHOUGH coal is of very common occurrence and has been utilised for so long

as a source of heat, light and power, it is undoubtedly true that the chemical and

physical study of this important mineral has been much neglected. It is only

within the last few years that the number of research workers who have been

investigating different aspects of the constitution of coal has been in any degree

commensurate with the importance of the subject The research has also suffered

by having taken the form of isolated experiments , and only lately has there been

any tendency for investigators to make a combined attack upon it The reasons

for the distinctive differences between various types* of coal have not yet been

completely placed upon a rational basis, nor is it possible to enunciate general

laws regarding coal which are strictly true. A more intimate knowledge of the

constitution, as distinct from the composition, of coal would undoubtedly be of

great value to the technologist, and might assist m the solution of some of the

problems relating to carbonisation.

DEFINITION OF COAL

It is very difficult to suggest a definition of coal which will be at once scientifically

correct and of general acceptance. Stopes and Wheeler 1 define coal as follows :

"
Ordinary coal is a compact stratified mass of mummified plants (which

have in part suffered arrested decay to varying degrees of completeness) free

from all save a very low percentage of other matter."

Strictly speaking, this definition is applicable to bituminous and anthracitic

coals only, and does not cover the wider range of all carbonaceous material. Impure

deposits, due to the plant substance being insufficiently free from inorganic matter,

may grade into shales and other carbonaceous materials. On the other hand,

to quote Lewes .
2

" The most satisfactory view to take of the composition of coal is that it is

an agglomerate of the solid degradation products of vegetable decay, together

with such of the original bodies as have resisted to a greater extent the action

to which the material has been subjected." ^

1 Dept of Scientific and Industrial Research Monograph on the Constitution of Coal. Stopes.
Marie 0,, D So , Ph D. , Wheeler, B. V , D.So (H.M Stationery Office )

2 Lewes, Vivian The Carbonisation of Coal. (Bonn Bros )
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THE ORIGIN OF COAL

Whatever may have been the mode of accumulation of coal, and the views of

opposing theorists are not yet fully reconciled, it is at least universally recognised

that coal is of plant origin. Notwithstanding all the internal evidence in its favour,

it may nevertheless appear somewhat speculative to the lay mind that the vast

deposits of coal should have had their origin in vegetable matter and plant hie

The specific gravity of coal is of the order of 1 2, BO that the volume of coal is

only about one-tenth to one-twelfth of the volume of the original vegetable tissues.

A seam of coal 10 feet thick is therefore the deposit from vegetation approximately
120 feet thick. Even when an unlimited geological tune is assumed for its formation,

an accumulation of this depth appears somewhat incredible, and the problem of

accounting satisfactorily for an occurrence of this nature is profound. Even the

parallel of the deposits possible from the rich tropical growths of the present day
does not carry with it full conviction In point of fact, however, the theory of the

origin of coal should not be considered in the light of present day conditions It

must be borne in mind that physiographical conditions were radically different in

the days of the luxuriant plant growths of the carbonaceous period to those of

to-day. Excesses of atmospheric carbon-dioxide and water vapour, together with

the heat from the cooling earth's crust, stimulated the growth of vegetable tissues.

Atmospheric oxygen was just beginning to accumulate
,
and decay, which is but

the slow combustion of matter, did not operate as it does to-day The decay
which did occur must have been largely at the expense of the oxygen in the vege-

table tissues
; that is to say, checked decay, as it is called, must have been operative

The later effects of pressure ol an incalculable amount must be added to the formei

factors. Although these do not prove incontestably that the primeval forests and

swamps have been transformed into the carboniferous measures., the internal evidence

of the formation of coal from vegetable matter is additionally very strong. The

results ol microscopical examination, supported as they are by the impression of

plant life found in coal, render it difficult to advance sufficiently stiong arguments
to refute this theory There still remains much, however, that is uncertain

regarding the earlier history of coal
, and m particular there are two problem);

on which there is not yet a consensus of opinion, viz.

(i) The mode of accumulation of coal, and

(n) The mode of transformation of the vegetable matter into coal.
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THE MODE OF ACCUMULATION OF COAL

Stopes and Wheeler1 summarise very completely the leadrng modes of accumu-

lation of coal-forming matter in four groups, viz. .

(a) In sea water.

(6) In brackish water.

(c) In fresh water.

(d) On land.

There are two methods of accounting for the accumulation of our coal deposits

under the above heads, viz the in situ theory and the dn/t theory In the first;

case it is assumed that the vegetable remains have not moved from their place of

growth, and in the second that they have travelled from a distance by estuary

and river action The in situ theory is strengthened by the presence of stigmaria

or fossil roots in the undcrclay of certain seams ;
but the dnft theory helps to

account for the very thick coal seams which have been found The impuiities

found m coal may be divided into two groups, viz. those deposited dm ing the

formation of the coal, consisting largely of silica and alumina, and those deposited

subsequently, chiefly by percolation through the cleavage planes, e g calcium

carbonate For a correct study of the coal at any seam it is obviously of some

importance that there should be some knowledge of its mode of accumulation ,
but

local experience is requited in the majority of cases to decide whether the coal was

formed of in hitu or drift material, or perhaps both.

THE MODE OF TRANSFORMATION OF COAL

The theory of the origin of coal is supported by the occurrence throughout the

world of carbonaceous material graded in all stages from the plant life of to-day

to peat, from peat to lignite, from lignite to bituminous coal, and on to anthracitic

coal The theory has been advanced thai/, under the combined influences of

pressure and temperature, and over vast geological epochs, these various gradations

mark the mode of transformation of the coal of to-day fiom the vegetable growths

of pumeval times While peat, for example, represents a condition of vegetable

decay, intermediate between vegetable matter and the tertiary coals, it does not

necessarily follow that vegetable matter on decay must pass through the peat

stage before its metamorphosis into coal It may be, therefore, that, as suggested

by the mctamorphic theoiy, the vegetable matter first underwent a rapid change
due to the bacterial decomposition of its cellulose, and that a later slow alteration

due to the combined effect of pressure and temperature [principally pressure, since

the temperature cannot have approached 300 C.], has completed the transformation.

It is obvious that, in the later stages of the coal-forming process at least, the effect

1
Ifad,, p 39.
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of temperature can only have been of subsidiary importance, since coal is readily

decomposed at relatively low temperatures. The accumulated evidence appears to

favour the metamorphic theory. In any case, the estimates made of the times

taken for the accumulation and deposition Q| the original coal-forming debris and

for its transformation into coal must be considered highly speculative.

THE DETERMINATION OF THE CHEMICAL CONSTITUTION OF COAL

Coal being composed of vegetable matter, it is to be expected that amongst its

constituents will be .

(a) Cellulosic or humic derivatives.

(6) Resinous derivatives, and

(c) Nitrogenous compounds.

The resinic constituents are believed to have a great influence on coke formation

There was formerly a disposition to classify the remaining constituents as "eellulosic,"

but it has been pointed out that cellulose itself is unstable under the conditions of

peat formation. The chief differences in the properties of different coals may be

said to be due to the varying proportions with which these derivatives are com-

pounded. Three methods of research have been employed in determining the

chemical constitution of coal, VIE. .

(i) The extraction of the constituents by means of solvents,

(ii) The action of reagents on the coal substance, and

(m) Destructive distillation.

The first and most direct method of research has not yielded much information

hitherto, apart from the use of alkaline liquids which may perhaps act as reagents.

This is due to the fact that coal is of great insolubility and offers a strong resistance

to the ordinary solvents. The second and third of the above methods are indirect,

but nevertheless have proved useful in giving information of great value.

THE ACTION OF SOLVENTS UPON COAL

As already stated, the usefulness of this method of determining the chemical

composition of coal is limited by the inertness of the coal substance. There is also

a suspicion that some of the solvents employed modify very considerably the

molecular structure of the compounds in the coal and act, indeed, as reagonLs

rather than solvents. The solvents employed include .

(i) Alcohol, ether, chloroform, acetone, aniline and petroleum.

(11) Benzene and pentane.

(m) Phenol,

(iv) Pyndme.
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It is nob necessary in this volume to study closely the results of the work of various

experimenters with these solvents. It may be said, however, that a useful empirical

separation of coal into three main groups of compounds has been effected by the

use of pyridme and chloroform, thus :

(i) Alpha compounds, insoluble in pyridme.

(n) Beta compounds, soluble in pyndine, but insoluble in chloroform,

(lii) Gamma compounds, soluble in pyridine, and soluble also in chloroform.

This separation may perhaps be seen more clearly from the following :

BITUMINOUS COAL

treated with pyridme

Alpha Compounds Extract A
Extract A

treated with chloroform

i i

Beta Compounds Gamma Compounds

(Insoluble) (Extract B)

The alpha and beta compounds appear to be of the same type, and correspond in

general characteristics to the derivatives of the celluloses (ligno-cellulose, etc.) in

the coal, in contradistinction to the gamma compounds which appear to have

concentrated in them the resinic derivatives. Until the composition of these groups

of compounds has been more definitely established it is not desirable, however, to

dogmatise about the latter classification. Jones and Wheeler 1 have found that

the alpha and beta compounds yield on distillation very small percentages of

liquid products, mainly phenols ; while about 40 per cent to 50 per cent of the

gamma compounds distil below 400 C
,
the products being paraffins, olefins and

naphthenes, but no phenols.

Stopes and Wheeler2 summarise three main conclusions m their review of the

experimental results obtained by solvents in groups (i) to (iv), viz. :

(a) Evidence has been obtained of the presence in bituminous coals of small

quantities (presumably but little altered) of resin extraotable with ether

1 Jones and Wheeler.
" The Composition of Coal

" Trans Ohem Soc , 1915, 107, 1318.
2
Dept. of Scientific and Industrial Research Monograph on the Constitution of Coal. Stopes,

Marie 0. D.Sc., Ph.D ; Wheeler, R. V , D.So. (H M. Stationery Office.)
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(6) Free hydrocarbons exist in small quantities in many coals.

(c) Whatever be the exact nature of its action, pyridine affords a means of

resolving many coals in such a manner as to render subsequent chemical

examination less difficult.

Ulingworth
1 makes the following generalisations :

(i)
Anthracitic coals are characterised by the general absence of beta and

gamma compounds,

(ii) The properties of carbonaceous coals are due to the relatively high contents

of alpha compounds compared with gamma compounds and to the absence

of beta compounds,

(m) Bituminous coals in general owe their most striking properties to the

presence of gamma compounds ,
while the beta compounds occur in the

C
greatest quantity in coals in which the vj ratio lies between 14 and 16.

ACTION OF KEAGENTS ON COAL

Coal may be oxidised quickly by means of chemical reagents such as sulphuric
and nitric acids3 caustic alkalis, bromine and also ozone, or more slowly, as by
the atmospheric oxygen, in the weathering of coal. It has been found 2 that coal
boiled with a mixture of potassium chlorate and dilute hydrochloric acid yields
chlorinated substances of complex composition entirely soluble in alkahee Further-

more, many coals dissolve almost completely on evaporation with mtuc acid. In
most cases, however, the use of reagents yields products of great complexity, which
throw little light on the nature of the onginal coal substance Stopes and Wheeler
thus summarise the position

"
Considered by themselves, the facts elicited from the study of the action

of reagents on coal are not very informing (we except, of course, the facts iclntivo
to the formation of ulraic compounds), nor are the prospects for futiue woik in
this direction very promising."

ULMINS
The action of potassium hydroxide must be considered separately, as the com-

pounds removed from coal by its means are very important, and form the biwiR of
the so-called Ulmic Substances

"

The Ulmins may be described as highly complex colloidal jellies which appear

1922*
IUingW)rtll S E y

"
The Action of Solvents on Coal

"
Fuel in Sc^ence and Ptaetice, Juno,

Cross and Bevan On Pseudo Caibons PM Mag , Scr S, Vol. 13, pp. 325-8
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after the decay of the softer portions of plants. The iilmin compounds occur m
wood decayed by

"
wet rot," to a lesser extent m peat and lignite, but very rarely

in bituminous coal
, they have never been detected in anthracite. Thus the content

of soluble ulmin compounds diminishes as the content of carbon increases. The

formation or non-formation of ulmin compounds is indeed generally given as a

method of distinguishing between a lignite and a bituminous coal. It is found,

however, that a bituminous coal which has become oxidised, by weathering, for

example, contains appreciable quantities of ulmin. compounds, and that the quantity

increases with the degree of oxidation. The presence of ulmin compounds detracts

from the coking quality of a coal A very interesting field for research is therefore

opened up by a study of the ulmin compounds in carbonaceous material, and further

information on the constitution of these compounds in coal would be of groat value

in determining the constitution of coal.

ATMOSPHERIC OXYGEN AND COAL

The most important reagent in the oxidation of coal is atmospheric oxygen.

The spontaneous combustion and the weathering of coal, the reduction or prevention

of which is of so much industrial consequence, are due to the slow absorption and

combination of the oxygen of the air with the coal even at ordinary temperatures

It is not surprising, therefore, that considerable research work should have been

done on this phenomenon The weathering of coal results in the deterioration

of its qualities, particularly as regards caloiific value and coking properties.

The weathering process begins with the absorption of oxygon, which unites

chemically with the coal substance and generates heat. Should this heat not be

dissipated, the temperature of the mass of coal slowly rises, due to its poor con-

ductivity of heat, until the point of ignition is leached. The drop m calorific value

is due to the oxidation of the carbon and hydrogen in the coal to carbon-dioxide

and water respectively. Important factors in the spontaneous heating of coal are

(a) the freshness of the broken coal surface for the first few days or weeks the

freshly broken coal surface is much more active in combining with oxygen than it

is later
, (6) the temperature of the coal on storage coal stored during the hot

months of summer is more liable to spontaneous combustion than coal stored

during winter
,
and (o) the fineness of the coal the surface of the coal is greatly

increased as the size of the individual particles is diminished, and there are strong

grounds for belief that the spontaneous heating of coal is a surface phenomenon.

Important researches, in which the results have been directly applied for

industrial purposes, have been carried out by Sir Bichard Threlfall on the spontaneous

heating of coal,
1
particularly during shipment, and by Dr. J. S. Haldane on the

1
Threlfall, E.

"
Spontaneous Heating of Coal." Journ Soc Ghem, 2nd. 1909, 38, 759.
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spontaneous filing of coal in mines * The former researches were carried out in

connexion with the investigation of the New South Wales Royal Comniission

between 1896 and 1908, and the latter by the staff of the Doncaster Coal Owners'

Research Laboratory,
The effect of the oxidation of coal on its coking properties will be discussed

in a later section.

THE DESTRUCTIVE DISTILLATION OF COAL

Our chief knowledge of the constitution of coal has probably been obtained by
the indirect method of destructive distillation, comparative results being obtained

by the subjection of coal-forming materials and typical coals to the same process
of destructive distillation. It is unnecessary to describe fully all the experimental
work which has been carried out under this heading, some of which must be dis-

cussed in Chapter VI. The results of some of the researches have, however, some

bearing upon the chemical constitution of coal, and it is desirable to summarise

them in so far as they affect this aspect of the problem
The following general conclusions of Burgess and Wheeler 2 are largely confirmed

by the work of Porter and Ovitz,
3 and that of Vignon* :

(i) There is for all coals a well-defined decomposition point, at a temperature

lying between 700 C and 800 C , which corresponds with a marked
increase in the quantity of hydrogen evolved,

(ii) The evolution of hydrocarbon of the paraffin series practically ceases at

temperatures above 700 C

(in) Ethane, propane, butane and higher members of the paraffin series form
a large percentage of the gases evolved at tempeiafcures below 450 C.

Ae a result of these observations, Burgess and Wheeler presumed that coal is

composed of two compounds which diiler in their tendency to decompose The
more unstable yields the paraffin hydrocaibons and no hydrogen ,

the more stable

decomposes rapidly between 700 C and 800 C., yielding hydrogen as its chief

gaseous product. They were further of opinion that the chief differences m the

pioporties of coals are due to the proportions in which these compounds arc blended
Clark and Wheeler5

gave additional evidence of the existence of thcso com-

pounds, and labelled the paraffin-yielding compounds
"
resimc

"
and the hydrogon-

1
Ilaldano, J. S "

Spontaneous Fiung of Coal in Mines "
Proc Inat. Mm Eng., 1 91 7, 53, 1 94

2
Burgess and Wheeler.

" The Volatile Constituents of Coal" Ttana Gltcm Soc , 1910, 97,
1917, 1911, 99, 649

d Porter and Ovitz
" The Volatile Matter of Coal "

Bulletin 79, USA Bureau of Mines
4
Vignon, L.

' '

Distillation fractionee do la Houille
"

Oomptes Rcndus, 1912, 155, ] 51 4-1 7
6 Clark and Wheeler.

" The Volatile Constituents of Coal," Part III. Tians Chem Soc , 1013,
103, 1704.
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yielding
"

cellulosic
"

(see, however, page 42). Although it may he taken

as confirmed that the evolution of hydrogen increases rapidly at a temperature
between 700 C. and 800 0., it is not yet generally agreed that this phenomenon,
is due to the decomposition of a constituent of coal which is stable up to that

temperature.

THE LIQUEFACTION OF COAL

Very interesting work on this subject has been done in Germany, under the

direction of F. Fiecher, at the Coal Kesearch Institute at Mannheim. Since only
about 6 per cent of the weight of the original coal is recovered as tar by the ordinary

gasification processes, attempts have been made to obtain liquid fuel from solid

fuel by means other than carbonisation. The action of ozone has been investigated,

and other processes in relation to the oxidation and hydrogenation of coal under

pressure. Research with ozone has been discontinued, partly because of the

expense, and partly because the same results may be obtained by pressure-oxidation

methods. In the latter, finely ground coal is mixed with a solution of sodium

carbonate, after which it is treated with compressed air in steel containers at a

temperature of 170 C. to 200 C. When subjected to this process, coal yields

about 40 per cent of soluble oiganic compounds. The properties of these com-

pounds have not as yet been closely determined In the hydrogenation system of

Bergius the coal is treated with hydrogen at about 400 C, under a pressure of

150 atmospheres in special steel cylinders. It IB stated that about 80 per cent to

90 per cent of the original dry weight of ceitain coals has been in this way turned

into an oil which shows the characteiibtice partly of phenolic and partly of the

petroleum hydrocarbons.
AB a result of their experimental investigations, Fischer and Schrader 1 consider

that the mam classes of compounds that have produced coal are

(a) Cellulose, which is, however, destroyed during bacterial fermentation

(b) Lignin,
2 which becomes ulmins, and

(c) Resin, which becomes
"
bitumen."

They contend that the greater proportion (if not all) of the cellulose disappears in

the course of coal-foimation thiough bacterial action, and that coal is composed

chiefly of the ulmins produced by the transformation of lignone, though it may
also be derived m part from the concentrated resins of the plants. According to

this theory, which is not fully established, bituminous coal must bo regarded as

consisting mainly of (6) and (c) above. It should be noted that Fischer and Schrader

differ from Wheeler in believing that the ulmic portion of coal is derived solely

J Fischer and Sohrader.
"
Origin and Chemical Structure of Coal

" Fuehn Sc^ence and Practice,

July, 1922
2 It is perhaps preferable to use the term hgnone, and this term is used hereafter in this volume
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from lignone (the lignone portion of ligno-cellulose), and not from the celluloses,

and would prefer in Wheeler's wiitings to substitute the words lignone derivatives

for cellulosic derivatives.

THE MICROSCOPICAL EXAMINATION OF COAL

This consideration of the constitution of coal would be incomplete without some

reference to the contribution afforded by macroscopical and microscopical evidence

One of the most interesting developments of recent years is the description by
Dr. Marie Stopes of the four visible ingredients in banded bituminous coal She

points out that four distinctive and visibly differing portions are recognisable m
the mass of a bituminous coal, and that these four portions

"
react so differently

to certain simple chemical materials as to indicate that their chemical molecules

should be substantially different from each other." To these she has given the

following names .

Fusain, equivalent to the so-called
"
mother of coal

"

Duram, equivalent to the
"
dull

"
coal of various authors

Claram, and

Vitrain

The two latter have been referred to indiscriminately by different authors as
"
bright coal

"

Considerable experience is, of course, necessary before some of the constituents

present in a block of coal can be identified with ceitamty. They occur frequently
in thin bands, and tend in ceitain cases to merge one into the other, eg it is some-

times difficult to distinguish, without the help of the microscope, between claram

and alternate thm bands of duram and vitiam. Stopes,
1
indeed, insists upon the

fact that these portions except possibly vitiam are neither homogeneous nor

chemical molecular units, and that claram may eventually prove to bo vifcram which

contains plant remains Mr J Lomax has done much work with the object ol

correlating the known general propcities of the constituents with the commercial

properties of typical coals An interesting descuption of the methods employed by
Mr Lomax tor observations and researches on the nncrostmeture of coal is given
in Fuel in Science and Practice, May, 1922 2

Fusam, according to Stopes, occms as wedges roughly parallel to the bedding

plane It IB very powdeiy, and, according to Simiatfc,
3 contributes greatly to the

1 S topes, Mane C " On the Four Visible Ingredients in Banded Bituminous Coal
" Pwc Ron

Soc B, 90, 1919
a Lomax, J "The Pioparation of Transparent Sections of Coal "

Fuel in Science and Viachce,
May, 1922

J
Sinnatt, F S , and Slatei

"
Propagation of a Zone of Combustion in Powdered Coal

"
Fuel in

Science and Ptactice, Aug , 1923
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dust which, is so dangerous a factor in. certain mines. The layers in which it occurs

are utilised as lines of weakness by the minor in getting the coal. Examined micro-

scopically in thin sections it is opaque and black, and often shows the vascular

structure of the wood. In the coking test the residue appears as a non-coherent

powder In consequence dust from coal washenes may not possess a high coking

power, despite the properties of the coal.

Durain, or spore coal, often referred to as dull coal, is hard and dull in appear-
ance It does not usually present a large surface of contact to adjacent constituents

of other types. According to Stopes,
"
the purest durain tends to have ravelled

edges." When examined in thin sections, it is seen to contain a large number of

VITRAIN

CLARAIN

DURAIN

FUSAIN

U
-CONVENTIONAL NOTATION iron COURSING DIAGRAM

lacro&pores and miciospores on a background of opaque granules. Smnatfc states

lat in certain special coals durain is practically representative of the whole of the

jam, although m many cases it docs not preponderate. Leasing
1 finds that on

>kmg, durain undergoes practically no change in form, and that in general it must

j regarded as almost devoid of coking value

Claram has a well-marked glassy appearance with a distinctly laminated

rucfcure Microscopically, it has a clear appearance, though heterogeneous when

>mpared with durain, and presents bands of leaf cuticle, stem tissues and resm

xlies which are translucent with some spore exines It is especially rich in plant

mains, and on coking presents well-marked cohering properties.

Vitrain occurs m bands up to some half-inch in thickness, is usually sharply

'fined, and is quite distinct from the neighbouring layers of other constituents.

does not present any structure, and tends to break in conchoidal form.

1
Leasing, K>. "The Behaviour of the Constituents of Banded Bituminous Coal on Coking."

ins. Ohem. Soc , 117, 1920.
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Microscopically it is translucent with a uniform texture, and in colour a pale

gold to red-brown, according to the thickness of the section. Stopes likens it to a

hardened glue or jelly. Lessing has shown that vitrain is comparatively highly

coking

Although some use has been made of the microscopical examination of coals lor

certain commercial purposes, it cannot be said that up to the present there is any

very definite correlation of the constitution of a seam to the use for which the

coal may be suitable Active work is, however, proceeding in this direction Sinnatt 1

has recently plotted very carefully the vertical section of several seams, and lias

prepared a diagram showing the coursing of the four constituents in the Arley coal,

which is reproduced with his permission in Fig 1 It should be stated that, in this

figure, the conventions given in Fig. 2 have been adopted by Sinnatt to indicate

the four ingredients. It was at first thought that they could be indicated most

conveniently on a drawing by giving them different colours, but this method has

been rejected except for exhibition purposes.

TABLE IV

PERCENTAGES OP FOUR VISIBLE INGREDIENTS IN CERTAIN SEAMS

Name of Seam Vitrain Claram Duram Fusain
Mattel.

Arley . H-6 659 18-1 14

Wigan5ft . 98 53-1 352 19
Trencherbone . 70 70 212 18

Tops 72 558 355 1-5

Bottoms 68 856 5-6 20 -
Wigan4ft. . 251 51-9 202 1-0 1-8

Arley . 213 65-4 128 05
Queen Mine 1-3 967 Nil Nil

Bickershaw Yard . Nil. Nil 100 Nil.

The percentages of the four ingredients in Arley coal and other seams are given
in Table IV. Specimens of the ingredients were separated from four of the seams,

and the results of the analysis of the material are given in Table V. The analysis
of each ingredient in the Thick Seam, Hamstead Colliery, is given in Table VI

1
Sinnatt, F 8, "A Method of representing the Structure of Coal Seams "

Mancli. Oeol and Mut
Soc., June, 1922
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Vitram
Glarain

Duram
Fusain

Vitram

Clarain

Dmam

Vitiam
Claiam
Duram

Vitram

Clarain

Duram
Fusain

TABLE V

ANALYSES OF EACH INGREDIENT IN CERTAIN SEAMS

ARLEY MINE

Moisture

o

1-15

104

100
140

147
135
134

Ash Volatile

Matter

Volatile

Matter loss

Moistuic

Ooke.
Fixed
Carbon

TRENCHEEBONE

1 54 41 2 39 73 58 8 56 24

217 41 I 4275 559 5373
1 47 35 9 33 50 64 1 62 64

TABLE VI

ANALYSIS OF EACH INGREDIENT IN THICK SEAM, HAMSTEAD COLLIERY*

Volatile Matter m
Moistuio Ash Ash-Tree dry Goal,

Vitrain 126 1-2 386

Clarain . 102 1-45 40-8

Duram . 6-5 3-6 394

Fusian . . 3-9 10-0 226

1
Tideswell, F V , and Wheeler, B V

Trans. Chem Soc , 1919, 115, 630

"A Chemical Investigation of Banded Bituminous Coal."
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It must be admitted, however, that tip to the present the microscope has been

useful for comparative purposes only Further work is needed before it will be

possible to show definitely that, if the constituents are present in a certain proportion,

the coal will be useful for any specific purpose. Typical samples of coal which have

proved satisfactory, and of others which have not proved satisfactory, may be

examined, and it may be found that coals with a similar appearance under the

microscope behave similarly in practice. For commercial purposes, such as the

selection of coal for a definite contract, the microscope may usefully bo employed
m eliminating unsuitable types ,

but with the present knowledge the final selection

should preferably not be made until a trial under working conditions has been

carried out.



CHAPTER V

THE CLASSIFICATION AND TESTING OF COAL

THE CLASSIFICATION OF COAL

IT is very difficult to classify the different varieties ol carboniferous deposits
as they exist to-day. Several methods have been suggested, but it cannot be said

that any one is entirely satisfactory. Thus the classification may be made from
the point of view of the geological age, the coking properties, the commercial appli-

cation, the chemical composition, etc.
,
but as the characteristics in any one group

tend to merge into those of another, the various schemes of classification are

convenient rathei than scientific. Six grades may be distinguished, viz. -

(1) Peat.

(2) Lignites or Brown Coals.

(3) Cannel Coals

(4) Torbanites

(5) Bituminous Coals

(6) Anthracites.

The difference in the chemical composition oi carbonaceous materials is exemplified

by the average figures given in the following table by Butterfield :

TABLE VIT

CHEMICAL COMPOSITION OP CARBONACEOUS MATERIALS

Cellulose

Dry Wood (average)

Dry Peat

Lignite
Coal

Anthracite

Caibon Hydiogon Oxygen Niliogen Sulplim Ash

15
40
63
80
40900 25 9 fi 05 05

It will be noted that the pimcipal differences from cellulose to anthracite are in the

gradual and almost total elimination of oxygen and to a smaller extent of hydrogen
also and the correbpondmg mciease m the carbon content.

GRUNER'S CLASSIFICATION

It is not necessary to give in detail the various classifications of coal which
have been advanced One of the earliest, first suggested by Regnault and slightly

53
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modified by Gruner, has been widely adopted on the Continent, and is given in

Table VIII. This classification is based on dry coals which are ash-free and

sulphur-free.

TABLE VIII

GRUNER'S CLASSIFICATION OP COAL

Composition per cent

Carbon Hydrogen Oxygen

Class

(1) Dry coals

long flame

<2) Fat coals

long flame

(3) Fat coals

(4) Fat coals

short flame

(5) Lean coals

anthracite

Specific

Gravity
Nature of Coko

75-80 5-5^ 5 19 5-15 1 25 Powdery or slightly
fritted

80-85 5-8-50 14-2-10 128-130 Cakod, but poious

84-89 5-0-5 5 11 0-5 5 1 30 Caked and fairly

compact
88-91 45-55 6 5-5 5 1 30-1 35 Compact

90-93 45-40 55-30 135-140 Lightly fritted or

powdei y

SEYLER'S CLASSIFICATION

One of the best methods so far suggested for the purpose of the scientific deifi-
cation of coal is that put forward by Mr C. A. Soyler

1 As the roHult of a detailed

study of the coals of South Wales, which range in many varieties between bit ummoii.s
and anthracitic coal, coals are divided according to their hydrogen content into
five principal groups, each of which is further subdivided into other eltwKcs accoidmg
to the carbon content The chief classes of each group are shown in Table IX
This classification has been used by Drs. Strahan and Pollard,

2 of the Geological
Survey of England and Wales, in their publication upon the coala of South WalcM.

A
\
"The Chemical Classifloation of Coal" P,oc 8

, 11)00,21,483-520
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U.S.A. GEOLOGICAL SURVEY CLASSIFICATION

The United States Geological Survey
1 lias adopted a classification somewhat

similar to that proposed by Mr. Seyler, the basis being the ratio of the carbon-

hydrogen content. This classification is given m Table X.

TABLE X
U.S A. GEOLOGICAL SURVEY CLASSIFICATION OF COAL

Group

A
Bl
C J

D
E
F
G
H
I

J

K
L

Description

Graphite

Anthracite

Semi-anthracitic

Semi-bituminous

Bituminous

Ligmtic
Peat

Wood

Ratio . C H

tO ()
/ () to30 ()
1 (?) 30 to 26 ()

(?) 26 to 23 (?)

() 23 to 20

20 to 17

17 to Ml
14 4 to 12 5

12 5 to 11 2

11 2 to 9-3 (?)

C)93to()
72

PAER'S CLASSIFICATION

A new classification of coal has been proposed by Mi ft W Parr,
2 ol the

University of Illinois, at the recent Annual Congress ot the Ameneau Chemicul

Society This classification is based upon the heating value pei Ib of coal mibhlimco
and the percentage of volatile matter contained in the coal The unit Leal \aluo
of the coal substance is determined from the formula .

Total BThU -5000 fl

1-(108A-0~D~5"S)~"
where S = percentage of sulphur
and A = percentage of ash.

This formula gives a true heat value for the coal substance itself without regard
to the percentage content of the ash or sulphur of the coal

This classification would group American coale as pliown in Tablo XT.

I J
S A Geological Survey Professional Paper No. 48 Report on Coal Testing Plant, I, 100<!.

Parr, S W. The Classification of Coal
"

Jontn of hid. and JUng V/tem,, 1922, 14, 01V
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TABLE XI

PAKE'S CLASSIFICATION OF COAL

Heating Value per lb

Class of Coal Substance.

1. Cellulose and Wood 7500- 8500

2 Peat . 7800-11500

3. Brown Lignite . 11500-12500

4. Black Lignite 12500-13500

5 Sub-bituminous . 13500-14000

6 Western Bituminous. (American) 14000-15000

7 Eastern Bituminous.
( )

35000-16000

8 Anthracite .... 15500-16000

In conclusion, it should be added that, although each of the above classifications

has doubtless its utility, it cannot yet be said that any classification has been

evolved which enables the practical engineer to say definitely that coal of any

particular type can be most economically applied for a particular purpose

FURTHER CLASSIFICATIONS OF COAL FROM A
CARBONISING STANDPOINT

Attempts have been made from time to time by various investigators of coking

problems to take advantage of some of the information which has been obtained on

the constitution of coal In one interesting series of patent specifications
1
Illmgworth

describes how by subjecting coal to pre-heat treatment he is able to decompose
some of the constituents which have already been referred to, and so to modify the

raw material by adjusting the undecomposed portions to correspond to the

proportions of similar constituents in a coal known to give the final product
desired Thus, in specification 164,104 (1921), icierrmg to the production of

metallurgical coke, he classifies coals as follows .

Type I In which the huniic, cellulosic and resinic substances decompose at

or below 300 C

,, II Decomposition at or below 350 C

,, III. Decomposition at or below 400 C
IV. Decomposition at or below 450 C.

Illmgworth goes on to state that the best types of coking coal and also gas
coals contain certain amounts of Types II, III and IV, but that the content of

Type II is greater in a gas coal than in a good coking coal He further states that

1
lllingworth, S. Hoy Pat Spec. No 164,104 (1921), 175,888 (1922), 186,085 (1922), 187,328

(1922).
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the more volatile gas coals contain considerable quantities of Type I. In his own
words .

"
If, therefore, gas coals are heated out of contact with air to 350 C., coals

of the Types I and II may be eliminated, leaving a residue containing Types III

and IV, such residue being suitable for coke production."
In a similar way Illmgworth describes in later patents the manner in which

the properties of a coal which gave a soft semi-coke on direct carbonisation at 500 C
could be modified by pre-heat treatment so as to form a dense, hard, smokeless fuel

at 480 C containing some 1O3 pec cent of volatile matter.

In the Report of the Fuel Research Board,
1 coals for the purposes of carbonisa-

tion are classed under two heads

(a) Those in which the resulting coke occupies a greater volume than the

original coal, and

(6) Those in which it occupies a smaller volume.

For the present, and until our knowledge of the constituents of coal is greatly

increased, this latter classification appears to meet all the requirements of low

temperature carbonisation practice. By mixing the two types in correct proportions
a coke can be produced which meets all the requirements of strength and robustness

to withstand the rough handling of transport and distribution. The proportions
can be determined in a few hours by the method of low temperature assay which

is briefly described on page 60.

TESTS ON COAL
Various tests are made on coals m order to obtain information upon their quality

and to determine their suitability for various commercial purposes Useful though
this information may be, it is by no means a conclusive indication of the propeities
of the coal under test. Coal is a heterogeneous mixture of compounds with widely

differing physical and chemical features, and ifc is not to be expected that the results

of any simple test will reveal all the important characteristics of tho coal Indeed,

any advance in the study of the potential behaviour of coal must be slow BO long
as coal is treated as a unit compound and not as a mixture of substances. In

default of any more suitable test, it has been the practice to correlate the properties
of coal with the results of the following tests amongst others :

(i) Proximate analysis, i e the determination of the percentage by weight of

the moisture, volatile matter,
"
fixed

"
carbon and ash.

(n) Ultimate analysis, i e the determination of the percentage by weight of

the elements, carbon, hydrogen, oxygen, nitrogen and sulphur,

(m) Estimation of the calorific value

(iv) Determination of the coking (caking) index.

1 Fuel Research Board Report for the Years 1920, 1921; Second Section .

" Low Temperature
Carbonisation

"
(H M Stationery Office )
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The great difficulty in making estimates from the results of these tests is thau

the analytical processes themselves affect the coal, particularly in the determination

of moisture and the volatile constituents A certain amount of occluded gas, for

example, may be obtained The occluded gases may be determined by pumping
off the gas liberated or by collecting the gas given off in a vacuum, either at

ordinary temperatures or 100 C It is found that nitrogen and oxygen generally

come off first, followed more slowly by carbon dioxide and methane, but at ordinary

temperatures such experiments will last for many days.

It is not necessary to describe the methods whereby these various determinations

may be made, which must for the above reasons be considered largely conventional.

Those employed in industrial laboratories may differ from those essential for

scientific investigation, in which a greater degree of accuracy, and consequently

TABLE XII

TYPICAL DIFFERENCES BETWEEN PROXIMATE ANALYSES ON MOISTURE-FREE

AND ASH-FEE E BASES

D A B D A B D

rloisturo . 720 350 G 37 484 -
Volatile Matter 32-15 33 47 33 40 30 26 34 64 34 68 35 67 31-80, 39 01 36 62 37 25 35 01

Jarbon 50 25 57 93 56 26 56 19 54 15 60 03 60 09 59 04 60 99 63-38 62 75 64 99

Lsh 1040 510 397 871 1121 5 29 4 24 9 16

more complicated apparatus and processes, may be necessary In passing it should

be pointed out that ifc is of the utmost importance that the small quantity of coal

used in the tests should have so far as possible the average quality of the bulk of

coal under examination. The sampling of the coal, i e. the selection of the small

quantity of coal used in the tests, should therefore be effected in a standard manner,

which also need not be described in this volume.

It will be noted that, in the proximate analysis of coal, the percentage content

of moisture, volatile matter, "fixed" carbon and ash are stated. In order to give

the full data, the moisture content should be determined

(a) On freshly mined coal.

(6) On air-dried coal after crushing.

The ash may be expressed either as the percentage content of original inorganic

matter in the coal or as the residue left after complete combustion. There is a
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great difference between these two results, aad the second is that generally stated.

Since the qualities of the two coals whose proximate analyses are known may be

masked by the percentage content of moisture and ash, the proximate analysis is

sometimes given in terms of moisture-free and ash-free coal. Typical differences

arising m this way are shown in Table XII.

It may be added that it does not necessarily follow that the higher the coking
index of a coal, the denser and harder will be the product of carbonisation. On
the contrary, the density, toughness and crushing strength of cokes can often be

increased by an addition of inert matter. This point will be discussed later

LOW TEMPERATURE ASSAY

Until comparatively recently the development of a process for the carbonisation

ot coal at low temperatures has been greatly hampered by lack of knowledge of

the quantity and quality of the resulting liquids and gases when carbonaceous

materials are heated to different temperatures for definite periods The ordinary

laboratory methods of testing supply no direct information on these points, nor on
the equally important questions of the rate of evolution of the gases, nor the eilect

of the temperature and the time of carbonisation on the quality of the resultant

coke. The low temperature assay of Gray and King
1
provides a method which

affords accurate information upon these points, and their apparatus is gradually

being recognised as an essential adjunct to the equipment oi those interested in

the development of piactical methods of low tempeiatuie carbonisation Then-

apparatus, which was worked out at H M. Fuel Eesearch Station, is based on <i

method which had been wed for many years in the Scottish shale oil mduhtiy, and
consists of a glaps or silica tube about 2 cm in diameter and 30 cm in length,
closed at one end. At a distance of about 2 cm from the open end a hide tube,
1 cm. in diameter, is provided, which acts as an offtake pipe leading the gasch into

a condensing and scrubbing system
The complete lay-out of the laboratory assay apparatus IB shown in Fig 3

B is the silica retort heated in the furnace A The tube G acts an a condenser and
is provided with an extension piece for the reception of the liquid products The
tube D is filled with glass beads drenched with sulphuric acid for the absorption
of ammonia The gas is collected either over n mixture of glycerine and walci,
a solution of magnesium chloride m water, or water saturated with the gas obtained
m a previous experiment A constant pressure in the gas holder is maintained

by the ingenious apparatus shown at G, H, J, K The gas entering the gas holder E
1 Fuel Research Boaid Tech Papoi No 1 "The Assay of Coal fojt (Uibomsatum Tin poses

a new Laboiatoiy Method "
Tho<3 ftiay, 1) Sc , Ph 1>

,
and Jus (} King, F T

, A K T.O (JJ M
Stationery Office

)
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displaces liquid winch, flows into G through a piece of india-rubber tubing. Tlu

overflow from G passes into the reservoir K, in which floats a counterpoise J

J and G are connected by a cord passing over the two pulleys shown. Thus, ad

the level in K rises, the receptacle G is lowered , and if E and K have equal cross-

sectional areas, a constant pressure is automatically maintained m the gas holder E.

By an ad]ustment oi the position of G at the beginning of the experiment any

desired difference of level may be steadily maintained throughout the test.

The furnace A may be either gas fired or electrically heated, and heats uniformly

Fia, 3 Low TEMMSRATURK ASSAY APV \BATUS
(Fuel Bescaich Board)

at least 6 inches of the tube B. The temperature is under control, and may be

observed from time to time by means of a thermocouple in which the hot junction

is m contact with the middle of the retort tube, as shown m the diagram.

This apparatus is now obtainable from at least two of the well-known firms of

apparatus manufacturers, and has been recommended for the use of analysts and

others by the Sampling and Analysis Committee of the Fuel Kesearch Board. 1 It

meets the long-felt want of an apparatus by which within a few hours accurate

information may be obtained of the quality of a coal for carbonisation purposes,

and from which the most desirable treatment for any coal or blend of coals can

1 Fuel Research Board. Physical and Chemical Survey of the National Coal Eosources, No
Interim Report on Methods of Analysis of Coal (H M Stationery Office )
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be deduced with the full confidence that, within certain limits, the results can also

be obtained on a working scale For a full description of the method of operation
and of typical results obtained by the apparatus, reference should bo made to the

pamphlet already quoted.

CORRELATION OF ASSAY AND FULL-SCALE RESULTS

Further work on the correlation of the laboratory absay with the results obtained

in retorts built upon a working scale is discussed m the Report of the Fuel Research

Board for the years 1920-21, second section 1 Table XIII gives a comparison of

yields obtained in the low temperature assay and horizontal retoits expressed as

weights per ton of dry coal carbonised It will be seen that, in the cases of coke,

liquor, ammonium sulphate and gas, the mean ratio is in the neighbourhood of

unity , but that, m the horizontal retorts used at H M Fuel Research Station, the

oil yield only averaged 60 per cent of that obtainable from the assay. It is, of

course, not impossible that this ratio could be laised by modifications m this pai-

ticular plant There is undoubted evidence of cracking taking place, due to the fact

that the vapour remains for some considerable time exposed to radiant heat, as well

as being m contact with heated surfaces While some improvement is possible, the low

ratio of tar yield is typical of the losses which usually occui in a full-scule plant.

This emphasises the necessity of a reliable conversion factor between the results

of laboratory testing and those obtained in large-scale operations, and shows the

danger of accepting the estimates of the yields of the highly priced products of

carbonisation which are based solely on the results of ordinary laboratory testing.

1 Fuel Research Boaid Repoit for the Years 1920, 1921 , Second Section
" Low Temperature

Carbonisation." (H M. Stationery Office )



CHAPTER VI

NOTES ON THE CHEMISTRY OF CARBONISATION
PRODUCTS

INTRODUCTORY
BY the distillation of coal a large number of chemical compounds IB obtained

in the gas, liquor and tar
, some three or four hundred substances have been

identified in the products of high temperature coal distillation, and doubtless many
of these are to be found in the tar, etc

, resulting from low temperature distillation
These substances, which do not occur as such in the coal, are formed cither by the
thermal decomposition of the coal substance (primary products), or by decomposition
of the primary products, or by chemical interaction of the primary products with
one another in the presence of incandescent coke The substances formed from the
primary products may be called secondary products. It is not possible in such a
work as this to give a detailed account of the chemistry of the individual substances
which have been identified among the products of low temperature coal distillation

,

for such an account reference must be made to the standard works on organic
chemistry. In what follows it is assumed that the reader has a knowledge of the
outlines of that science.

In this section it is proposed to give classified statements of those bodies which
are indicated in the literature as having been identified, together with a few explana-
tory notes It must be remembered that much of the work upon low temperature
carbonisation tars is of very recent date, and, consequently, the results m some
cases are still under discussion and may be subject to revision Further, the lists
given here by no means represent all the compounds present m low temperaturetars much investigation remains to be done, and it is to be expected that theirnumber will steadily increase. Finally, from the complex mixtures encounteredin these tars, composed as they are of many substances chemically akin to each

T}^
a m

;^
ter Gi^ dlfficulty to separat P ^NH*

l f

"

, r16^ f ^ C0nstltuents of low temperature to, ,
will be, ol

necessity, slow.

CLASSIFICATION OF THE PRODUCTS OF LOW TEMFBRATUKK
DISTILLATION

A Hydrocarbons
B Compounds containing oxygen
C. Compounds containing sulphur
D. Compounds containing chlorine.
E. Compounds containing nitrogen.

O t
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In some cases these main groups are capable of subdivision, as we shall see later in

dealing with, them in the above order.

A. HYDROCARBONS

The hydrocarbons may be subdivided into the paraffins, ethylenes, cyclo-

paraffins, acetylenes and benzenes ;
not included m these groups are a number of

other hydrocarbons to which reference will be made.

1 PARAFFINS

The following list gives the paraffin hydrocarbons which have been identified in

low temperature coal distillation products .

CH,
C 2Hfl

CJL

Methane

Ethane

Propane
Butanes

w-Pentane

Mcthylbutano CGH13

w-Hexane C6H14

Methylpentane 6H14

w-Heptane C
7H16

w-Octane C8H18

Decane C 10H22

Solid paraffins C19H 40

Paraffin Hydrocarbons

Frequently mentioned m the literature of the subject.

f Pan and Olm,
"
The Coking of Coal at Low Tem-

peratme," Bulletin 79, Eng Expt Stat
, Univ. of

Illinois

Schutz, Buschmann and Wissebach,
" Low Tem-

perature Coal Tar and the Products of its Over-

, heating
" Ber

, 1923, 56, 1091.

( Schutz, Buschmann and Wissebach, "Low Tem-

-j
perature Coal Tar and the Products of its Over-

l heating." Ber., 1923, 56, 1091.

f Parr and Olm, and Schutz, Buschmann and Wisse-

\ bach, loc. cit.

Schutz, Buschmann and Wissebach, loc c^t.

( Parr and Olm, and Schutz, Buschmann and Wisse-

\ bach, loc cit.

Schutz, Buschmann and Wissebach, loc. cit.

Fischer and Gluud. Ber., 1919, 52, 1053.

Fischer and Gluud. Ber., 1919, 52, 1053.

/T\/T m A >7 ^\ f
^TOinm and Eckard,

"
Lignite Low Tem-

(JM. Jrt.
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( Fromm and Eckard, loc. cut. ; Gluud,

C 24H50 (M. Pt. 51 1H Ges. Abhandlungen zur Kenntms dcf

( Kohk, 1917, 2, 301.

C 26HM (M. Pt. 44) Fromm and Eckard, loc. oil

' Jones and Wheeler,
" The Composition

C 26H64 or C 27H56
- of Coal," Trans. Cliem. Soc., 1914, 105,

L 140.

C 28H58 (M. Pt. 62) Fromm and Eckard, loc wt.

C 29H60 Gluud, loc. cit,

C32H6a (M Pt. 69 6) Fromm and Eckard, loc. Git,

C34H70 (M. Pt. 73) Fromm and Eckard, loc. cvt.

As will be seen, this list contains a number of members of the homologous
series of paraffins, the general formula of which is CnH2n+2 . Structural isomcnsm

commences at the butanes, of which there are two having the same empirical

formula, C 4H10, but different graphic formulae
;
the two butanes thus have molecules

of the same size, but the molecular architecture is different, and consequently the

two substances are perfectly distinct. There are three isomeric pentanes, and, as

we pass up the paraffin series, the number of possible isomerides having one particular

empirical formula rapidly increases. Thus there are no less than 355 possible

isomers having the formula C12H 26 The higher members of the paraffin series

(the solid paraffins, for instance), which have been identified in low temperature

tars, in all probability consist of a number of isomerides which it would be extremely

difficult, if not impossible, to separate from each other.

The paraffins found in low temperature tars exhibit that regular gradation in

physical properties which is characteristic of an homologous series ,
there is, for

instance, a steady rise in density up to a maximum of about 78 as the series is

ascended.

Chemically, the paraffin hydrocarbons are charactensed by their compaiative
inertness. They do not readily react with other substances, and such activity as

they possess decreases with increasing molecular weight This is partly due to the

fact that they are stable, saturated compounds, and consequently can only form

new derivations by the replacement of one or more of the hydrogen atoms in then

molecules by other elements or radicles Thus they are not absorbed by bromine

or sulphuric acid , fuming nitric acid has little or no action on the lower members
of the series, and other oxidising agents, such as chromic acid and potassium per-

manganate, have similarly little effect Under suitable conditions chlorine and

bromine interact with the paraffins, yielding halogen substitution derivatives, and

the corresponding halogen hydracids are by-products.
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2. BTHYLBNES

The ethylenes or olefines arc unsaturated hydrocarbons having the genera]

formula CnH2n . Those which have so far been identified in the products of low

temperature distillation are as follows
*

Ethylene C 2H 4 .

Propylene C 3H .

Butylene AP C 4H8 , (CH 2 . CII CH 2 -Cllg).

Butylene Afr C 4H8 , (CH3 -CH CH -CH3).

Pentene (Amylene) AP C5H10, (CH 2 : CH-CII2 -CH 2 -CH3).i

The above compounds are all members of the homologous ethylene series exhibit-

ing the characteristic gradation of physical properties ; up to and including the

butylenes the compounds are gases , the amylenes are volatile liquids, and the

boiling-points of the succeeding members im<a until at octadecylene (C J8H80 ) we

reach a compound which IB solid at ordinary temperatures (M. Pt 18 0.).

In their chemical properties the ethylenes differ considerably fiom the paraffins

The former, on account of thorr misaturated natuie, iorm a number of addition

products Thus they combine duectly with hydrogen to give paraffins, with

halogens to give dihalogen derivatives ot the paraffins, with halogen hydracids to

give monohalogen paraffin derivatives, and with sulphuric acid to give alkyl-

eulphuric acids, which aie soluble in water

C 2H 4 + H 2->C 2H Ethane.

C 2H 4 + C] 2->C 2H 4Cl a Ethylene dichloride.

C 2H 4 + TTI->C 2
H5I Ethyl iodide.

C 2H 4 -f H aS0 4->C 2II5HS0 4 Ethyl hydiogen sulphate

In the absence of water the olefincs also unite directly with ozone, forming highly

explosive ozomdes of the geneial formula CnH2nO, which decompose m the

presence of wat^r

The olefincs further differ from the paraffins in their tendency to polymerise,

especially in the presence of such substances as sulphuric acid or zinc chloride

Thus amylcno, C5H 10 , gives rise to polymericlcs of the composition C 10H20 and C 20H JO

Lastly, it should be noted that the olefincs, unlike the paraffins, are readily oxidised

by agentn such as chromic acid or potassium permanganate.

3 DlOLEFINBS

Although possessing the structure and characteristics of the olefmes, the group
of hydrocaibons known as the diolefines have the same general formula, CnH2ll

_
:i

,

1 See Sohutz, Buschinann and Wissebaoh,
" Low Temperature Coal Tar and the Products of its,

Over-heating." er
, 1923, 50, 1091.
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as the acetylenes, to which reference is made below. Among tlio members of Him

group are

Allene (propadieue) C 3H4 ,
CH2 : C CH2 .

Divmyl (butadiene) C4H6 ,
CH 2 : CH -OH . CII2

Piperylene (pentadiene) C5E8 ,
CH2 CH -OH . CH -CH3 .

DiaUyl C6H10 , CH, CH -OH, -CH 2 -CII : CH a .

Inspection of the formulae of these hydrocarbons shows that m each of thorn the

characteristic ethylenic linkage >C : C< occurs twice
;
the substances consequently

possess the properties of the ethylenes to an enhanced degree, and arc not to bo

regarded as acetylenes. According to Jones and Wheeler 1 and Schutz,
2 diolofinoH

result from the low temperature distillation of coal.

4. ACETYLENES

As mentioned above, the homologous series of hydrocarbons known an tho

acetylenes have the general formula CnH2n_2 The series includes tho following

compounds .

Acetylene C 2H 2J CH CH- B Pi - 82 C

AUylene (methylacetylene) C 3H4 ,
CH C-CH 3

- 23 5 C.

Crotonylene C 4H6 ,
CH3-CC-CH3 27 C

Acetylene itself has been identified by Burgess and Wheeler 3 as a pioduct of low

temperature distillation.

The acetylenes being still more unsaturated than tho olofincs, are even more
reactive than the latter Thus, under suitable conditions they combine directly
with two or four atoms of hydrogen or halogens, or with one or two molmiloe of

halogen hydracids .

C 2H2 4- H 2 -> C 2H4 Ethylene.
C 2H2 + 2H 2 -> C 2H6 Ethane.
C 2H2 + Br 2 -> C 2H 2Bi 2 Dibiomethylene
C 2H2 + 2Br 2->- C 2H 2Br4 Ethylcno tetiabi oiuitlo

C 2H 2 + HBr-^ C 2H3Br Vinyl bi omido
C 2H2 + 2HBr->C aH 4Br a Ethyleno dibromulo.

In the presence of dilute acids the acetylenes combine with the elements of waterm this way acetylene yields acetaldehyde, and allyleno gives acetone :

CH CH + H 20->CH3 -CHO
CH3 C CH + H 20->CH 3 .CO-CH3 .

^,1014,105,140
oTa'rLzghiOd"

"
TheVolatlle Oonstoents of Coal." Trans. Ckcm ^0,1015,107,1910,
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The acetylenes also unite directly with ozone, giving ozomdes readily decomposed

by water. The tendency to polymerisation shown by the ethylenes is still more

marked in the acetylenes. Thus, on heating, acetylene polymerises to benzene

(3C 2Ha->-C8H6), and under appropriate conditions allylene becomes converted into

mesitylene (3C 3H4->C9H12).

Those of the acetylenes which contain the group -C OH possess the some-

what curious property of forming metallic derivatives such as copper acetyhde,

OtrC : C'Cu, and silver acetyhde, Ag-C C'Ag ;
the acetylides of the heavy

metals are dangerously explosive when dry.

5. NAPHTHBNBS OK PABAFFENES

The general formula for this gioup is, like that of the ethylenes, CnII2n ,
the

molecules of these hydrocarbons are composed of varying numbers of -CH 2
-

(methylene) groups, assembled in ring formation, and are hence known as poly-

methylenes. The following are members of this series ,

CH2
B pt

Tnmethylene __ . .
- 35

Tetramethylene | |

12

CH2

CH2 CH2

Pentamethylene
^

CH^ CIl2
prr /T<ll

VOg *->2

Hexamethylene CH2 CH2 . . 81
c

Heptamethylene (CH2)7 . 117

According to Jones and Wheeler1 and Morgan and Soule,
2 members of the naphthene

series are found in the products of low temperature distillation
; while Pictet and

Bouvier 3 claim to have identified naphthenes having the formulae C9H18,
C 10H8Q ,

C;u,Ha2 ,
C 12H 24 ,

and C13H 26 . It should be noted that no substances are known

1 Jones and Wheeler. "The Composition of Coal
"

Trans. Chem. Soc
, 1914, 105, 140.

8
Morgan and Soule. "Examination of Low Temperature Coal Tars." Journ. Ind, Xing. Chen.,

1923, 15, 693
a Pictet and Bouvier. Oompt. rend,, 1913, 157, 1436 , 1915, 160, 629 and 926.
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which contain more than nine carbon atoms united in ring formation ;
the last-

mentioned compounds therefore doubtless have side chains, e.g. :

^>^ \JJuJLC* \JJLLt) \.
n IT _ nTT -"""^

"
^\PTT.f!lT CTT^-CH^ (TELO 10H 20

= bJ 2\ ^n. Uti 2 ^n 2 vxi 2 ^xi s .

It is interesting to note that cyclohexane (hexamethylene) can he prepared by

the direct union of hydrogen with benzene in the presence of metallic nickel (the

Sabatier and Senderens reaction) :

H/""TurA/Og
HC^ \E ^ ^ Ez

-f 3Ho -> a f 1

HCX CH
- H\ / -

(]! CH->

H

Many hydrocarbons derived from benzene toluene, for instance, can be simi-

larly reduced

C-CH3
^CH-CHs

HC CH OTT _J:^ iijb l^H^+ -Ht ->
|

|

CH H2C CHS

CH,

and in this way derivatives of cyclohexane are obtained

Examination of the formulae of the members of this serieo of hydrocarbons sho\vs

that they are saturated substances ; the carbon atoms m their molecules are singly

linked to each other. In their properties they show a marked resemblance to the

paraffins, and they may consequently be called eycloparaffins , they differ very

sharply from the straight chain olefines. Thus, unlike the latter, they do not form

addition compounds with sulphuric acid and the halogens The hydrocarbons

derived from cyclohexane are the commonest and best known members of the

cycloparaffin group
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6. CYCLOPENTADIENES

The hydrocarbon cyclopentadiene, C5H6 , may be regarded as deiived from

cyclopentane by the Joss of four afcomB of hydrogen, thus :

OH 2 CHaXno- . 9^ = CH\rTT
CII 3

- CH 2/tHa * OH = OH/
tH

Tine compound has been identified in high temperature coal tar 1 and is said by

Schutz, Busclimann and Wissebach 2 to bo also a product of low temperature dis-

tillation Other cyclodienes are probably also present as, indeed, the above

authors suggest Cyclopentadiene, which is a liquid boiling at 41 C
,

is a very

reactive hydrocarbon whose general chemical nature is olcfimc
,

it readily combines,

for instance, with bromine.

7. BENZENE HYDROCARBONS

The following table shows the hydrocarbons of the benzene series which are of

importance fiom the low temperature distillation point of view

Benzene C6HG . . M Pt. -[- 5 4 B. Pt. 80

Toluene C H6 CH 3 . . . 111

o-XyleneCHa-Coli^CII, . 142

w-Xylene . . . 1399

^Xylonc - 138

Mohitylcno C H 3(CHD ) 3 . . 163

PHcudocumcne ,, 169 8

Dureno C H 2(CH8)< . . . . 190

There is considerable controversy as to whether benzene, toluene and the three

xylenes are formed during the low temperature distillation of coal ; it seems

probable that they occur in very small quantity in isolated specimens
Jones and Wheeler 3 identified only toluene, and that in traces 4 Parr and Olin5

btate that they have identified all these five hydrocarbons. Parr and Olin6

add that mesitylene is possibly also present , while pseudocumcne has been identified

1 Iki , 1890, 29, 552.
2
Sohulz, Buschmann and Wissobarh

" Low Tomporatuio Coal Tar and tho Products of its

Over heating
"

Bet , 1923, 56, 1091
'' Jonos and Wheolei

" Tho Composition of Coal
" Tians Oliem Soc , 1914, 105, 140

4 Cf Pictet and Bouvior "Sur la Distillation do la Houillo sous Pression rcduito
"

Oompt,
n'pd , 1918, 157, 779, Hchutz, Buschmann and Wisaobach "Low Temperature Goal Tar and the

Products of its Ovei -heating
" Bu , 1923, 56, 1091

c Pair and Olin
" Tho Coking of Coal at Low Temperature

"
Butt. 79, Eng Expt Sta., Umv.

of Illinois
8 Pan and Olin, loc. at.
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by Weissberger and Module 1 The authors last mentioned also identified 2 durene

in a low temperature tar.

Benzene (06H )
is the simplest aromatic hydrocarbon ; in its molecule the

carbon atoms form a six-membered ring, and each has attached to it a hydrogen
atom. For a discussion of its structural formula the reader is referred to a textbook

of organic chemistry. Eepresenting its formula by the conventional hexagon, each

angle of which portrays a carbon atom with one hydrogen atom attached to it, the

formulae of the simplest members of this group of hydrocarbons may be written

as follows:

CH3

Benzene Toluene

CH3 CH8 CHa

CH3

CH fl

OH,
o-Xylene m-Xylene p-Xylone

CH3 CH3 OH,

VCH3
' XCH3

H(\ /OH,

CH3 OH,
Mesitylene Pseudocumene Durene

In these formula the -CH3 groups each take the place of one hydrogen atom in
the benzene nucleus.

1
Weissberger and Moehrle "Low Temperature Tar Oil." Btemutoffchemte, 1923, 4, 81.

2
Weinberger and Moehrle, loc. cit.
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In chemical behaviour the benzene hydrocarbons are quite different from the

other hydrocarbons we have already considered. The nuclear ring structure is

very stable and persists unchanged in the presence of powerful reagents. These

hydrocarbons are readily nitrated by strong nitric acid, and with concentrated or

fuming sulphuric acid yield sulphonic acids!

C6H6 -|- HO -N0 2 -fr.H.0 + A -NO,
Nitrobenzene

C6H6 + HO S0 2-OH->H 2 +C6H5 S0 2OH
Benzenesulphonic acid

The hydrogen atoms of the benzene nucleus can be displaced, one by one, in this

way, and mono-, di- and tri-derivatives are thus formed Benzene is extremely

difficult to oxidise ; it is slowly attacked by potassium peimanganate yielding

formic and oxalic acids. The homologues of benzene are, however, more easily

oxidised, the side-chain being converted into a carboxyl-group, eg:
C6H5CH 3 + 30 ->C6

I-I5COOH + H 2

Toluene Benzoic acid

Benzene and its homologues can be partially or completely reduced ; in the latter

case hexahydrobenzene (cyclohexane) or its derivatives result.

Chlorine and bromine react with the benzene hydrocarbonsm two ways. Benzene,

for instance, when the reaction occurs m direct sunlight, yields the addition products

C6H6C1 6 and C6H6Br6 In diffused light, however, and in the presence of a
"
halogen

carrier
"

(iodine or antimony trichloride), substitution products, such as C H5C1,

chlorobenzene, are obtained. Benzene and its homologues exhibit a number of

other characteristic reactions which cannot be described here ;
sufficient has been

said to indicate the marked difference there is between them and the hydrocarbons

already discussed.

In the section dealing with the naphthenes it was pointed out that fully saturated

six carbon ring compounds could be obtained by the complete reduction of the

benzene nucleus. Besides these fully saturated compounds a number of intermediate

reduction products may be formed , thus, from toluene, for example, dihydro- and

tetrahydro-denvatives can be obtained, e g. :

/ X-v /
H2C \H H2C

and

H2c m na XCH2V \E2
H
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Substances of tlie first type, namely, dihydro-m-xylcne (C8H12), dmydrotrimethyl-
benzene (C9H14), dihydropseudocumene (C9H14)

and dihydromesitylene (C9H14),

have been found in low temperature tar by Pictet and Bouvier. 1
Again, Eckard 2

reports that substances C 10H18 and CUH20 are present , these possibly contain a

tetrahydrobenzene nucleus.

The chemical characteristics of the parent benzenes are considerably modified

by the introduction of two or four hydrogen atoms ; they no longer behave like

the benzenes, nor aie they fully saturated like the cyclohexanes previously men-

tioned.

8. NAPHTHALENE HYDEOCARBONS

The parent hydrocarbon of this group, naphthalene C 10H8 , may be represented

by the formula

H H

H/V\H
HVVCH

H H

Naphthalene itself is a crystalline solid at ordinary temperatures (M Pt.

79-6-79 8 0.
, B. Pt. 218 0.) , it is peculiar in its high volatility and its

capacity for dissolving large quantities of air when molten, which are given up
on solidification. Several authors3

agree that, although the homologues oi

naphthalene are present, naphthalene itself is absent from low temperature tars

Weissberger and Moehrle,
4
however, claim that it is present Naphthalene is

formed by strongly heating a number of substances, and this has been given an

the cause of its presence m ordinary coal tar

Three homologues of naphthalene have been discovered m low temperature tare
,

a-methylnaphthalene and /3~methylnaphtlialene were found by Fischer 5 Those 4

substances may be represented by the following formulae :

1 Pictet and Bouvier Compt rend, "Sur le Goudion du vide," 1913, 157, 1436, "Sur lua

Hydrocarbmes saturiSs du Groudron du vide," 1915, 160, 629
3 Fiomm and Eckard "

Ligmto Low Temperature Tar "
BRI , 1923, 56, 948

3 Jones and Wheeler
" The Composition of Coal

" Ticms Chem Soc , 1914, 105, 140 , Parr and
Olm " The Coking of Coal at Low Temperature," Bull 79, Eng Expt Sfca , Univ of Illinois , Fisdiei

and Gluud Brennstoffcliemie, 1922, 3, 57
4 VT

.

""

'Moehrle " Low Temperature Tar Oils
"

J3t ennstoffchemie, 4, 81
6

i
- and Zerbe " On the absence of Naphthalene and the presence of Derivatives

of Naphthalene in Tar obtained at a Low Temperature
"

Bet , 1922, 55, 57



CHEMISTRY OF CARBONISATION PRODUCTS 75

CH3

/\ x\
'CH 8

a-Methylnaphthalene ft Mothylnaphtlialeue

The first is an oil (Setting Pfc - 22 C
;
B. Pt. 241-242 C.) ;

the second is a solid

(M Pt 32 0. ,
B Pt 241-242 C ). A third derivative of naphthalene, 1 . 6-

dimethylnaphthalene, was reported by Weissberger and Moehrle. 1 It is an oil with

a faint odour (B. Pt. 265 C ), and its formula may be written as

CH
5

OH fl

The chemical characteristics of the naphthalene group are very similar to those of

the benzenes, but a larger number of derivatives is possible ; thus, for example,

two monosubstituted methylnaphthalenes are cited above, whereas in the benzene

series there is only one monomethyl-denvative, viz toluene The side-chains of

the naphthalene homologues, like those of the benzene series, are easily oxidised

to form acids

Weissberger and Moehrle 2 have discovered a fully reduced naphthalene, deca-

hydronaphthalene (C 10H18), m low temperature tar. It is a liquid boiling at 187 C

Its chemical properties resemble those of the polymethylenes. This substance can

be prepared synthetically from naphthalene by reduction by means of hydrogen m
presence of nickel. 3

1
Weissberger and Moohrlo

" Low Temperature Tax Oils
"

lirennstoffchemie, 1923, 4, 81 ; also

see Morgan and Soule
" Examination of Low Temperaturo Coal Tars "

Jo-urn Ind. Eng Chein ,

1923, 15, 693
2
Weissberger and Moehrle

" Low Temperature Tar Oils
"

Brennstoffchemu, 1923, 4, 81
3 Leroux. "

T6trahydrure et Decahydrure de Naphtalme
"

Gompt rend , 1904, 139, 672.
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H H

EC^ \^ X
CH

^.CH

H H

5H

KVV
Hg

9. OTHER HYDEOCAEBONS

Anthracene (C 14H10) was discovered m ordinary coal tar by Fritzsche m 1857,

but was definitely stated to be absent from low temperature tar by Parr and Olm *

It may be represented by the formula

H II

H H

or

H H H

It is a solid (M. Pt. 216 C ;
B. Pt. 351 C ) 3

and is very similar to naphthalene in

its chemical properties Like the latter substance, it m formed pyrogenetically from

a large number of substances, such as toluene, benzene, turpentine, oil, etc.

Acenaphthene (C 12H 10) occurs in ordinary coal tar m appreciable quantities, and

was first found there by Berthelot m 1867 2 It does not appear to have been

detected in low temperature tar, but the fully reduced substance, pcrhydroace-

naphthene, has been found by Weissberger and Moehrle,
3 the boilmg-pomt of the

latter substance being 235 C. The formation of perhydroacenaphthalene from

acenaphthalene may be represented by the equation :

1 Parr and Olin
" The Coking of Coal at Low Temperature

"
Bulletin 97, Eng Exp. Sta., Univ.

of HLmois.
a Bortholot, E f Chemte, 1867, 714
3 Weissberger and Moehrle.

" Low Temperature Tar Oils." Brennstoffchemie, 1923, 4, 81.
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CHa CH2

5I-L

H2C C CH

Dodecahydrodrphenyl lias also been found by Wcissberger and Moelirle. It is

a liquid boiling at 235 C Synthetically it can be prepared by the reduction of

diphenyl by the Sabatier and Sendorens reaction

H HA A
II2C CH2 I12C

6H,
H.C. m

OH,

Muorene, C13H10 or ,
has been discovered m ordinary coal tar,

and is separated by means of its potassium salt (A G. fur Teer- und Erdol-

Industrie, D R.P. 124,150) It has not been found m low temperature tar The

parent substance is a colourless crystalline solid (M Pb 115
;
B Pt. 295 C

)

Perhydrofluorene, the fully reduced compound, has been found m low temperature

tar by Weissberger and Moehrle ;
it is a liquid boiling at 256-258 C

Styrolene (C8H8) has not been stated to be present in low temperature tar, but

is found in oidinary coal tar. Like other unsaturated substances styrolene forms

additive compounds with the halogens, etc.

-OH : CH2
OH Br OH9Br.

+Br2
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It is a liquid (B. Pt. 145-146 C.) which polymerises on standing to form meta-

styrolcne.

Indene (C9H8) itself has not been found in low temperature tar, but the presence

of homologues is claimed by Weissberger and Moehrle. 1 The structure of this

hydrocarbon may be represented as

C6H4

It is a liquid (Setting Pt. - 2 C. ,
B Pt 181-3 0.), and was discovered in

ordinary coal tar by Kramer and Spilker
2 It polymerises easily and exhibits the

characteristic properties of an unsaturated compound.

B. COMPOUNDS CONTAINING OXYGEN

Water is always present in the products formed during the distillation of coals

which contain varying amounts of water hold mechanically , this, however, does

not constitute the only source of the water produced ;
it is also formed by the

chemical reactions taking place in the retort

The chief oxygen-containing compounds with which we have to deal are the

alcohols, aldehydes, ketones and acids.

ALCOHOLS

Three possible types of alcohols must be considered

(a) Primary alcohols, which have a hydioxyl-group directly attached to a carbon

IT

atom which itself is attached to two hydiogen atoms, i.e. R~C --OH

of alcohol is unimportant from the present point of view On oxidation it yields

either an aldehyde [R CC )
or an aci<l (R CC!^ )> according to the

\ ^O/ V "^0 /

extent to which oxidation proceeds.

1
Weissbcigci and Moehrle, Biennsloffcheime, 1923,4, 81

1 Kramer and Spilker, J?e?
, 1890, 23, 327C , 1909, 42, 573
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(6) Secondary alcohols, in which the hydroxyl-group is attached to a carbon

atom possessing only one hydrogen atom, i e. J^C^ Few examples of
Jx OH

secondary alcohols appear to have been isolated from low temperature tar
; possible

exceptions are the menthol-like compounds noted by Pictet and Bouvier, and the

hydrogenated cresol by Pictet, Kaiser and Labouchere. On oxidation, secondary
alcohols yield ketones-

_1_ () _^, n R^f* ft
i rt IT

|-|
2 P?'^

^^ ziiaU

(c) Tertiaiy alcohols, in which the hydroxyl-group is attached to a carbon atom

having no hydrogen atom. Oxidation of this class of alcohol cannot be brought
about without rupture of the molecule. This is the most important type of

alcohol in coal tar chemistry, if we regard phenol and the cresols as belonging
to it.

It should be noted that the hydroxyl-group, when directly attached to an aromatic

nucleus, such as benzene or naphthalene, displays acidic properties ,
thus a sodium

salt is formed by interaction of phenol with sodium hydroxide. This property
is made use of in the separation of the carbolic oils

; they are obtained by the

extraction of a fraction (more or less restricted in range of distillation) by means

of sodium hydioxide solution The sodium compounds, being soluble in water,

pass into the aqueous layer and can be recovered by the addition of acid.

The separation of phenol from cresol is based on the stronger acidity of tho

foimor.

The following phenolic substances have been found in low temperature tar :

Substance. M Pt. B Pt

Phenol . 43 C. 181 C

o-Cresol . . 30 C. 188 C

w-Cresol . . 4 C. 200 C

p-Cresol . 36 C 201 C

1.2. 4-XyIenol . 65 C. 225 C

Trimethylphenols .

Tetramethylphenols . .

Pentamethylphenol .

Catechol . . 104 C. 245 C.

Chemically these phenolic substances are very similar , throughout the series

the hydroxyl-group exhibits acidity, this property being modified in degree by the

influence of the methyl groups. The above substances may be represented by the

formulae*
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CH3 CH3 CHS OH3

OH

OH

OH OH
Phenol o-Oresol m-Cresol |>-Cresol 1 : 2 4-Xylenol

OH OH

OH,
'

CH3

Pentamethylpkenol Catecliol

Phenol (C6H5OH) occurs m ordinary coal tar, but its presence in. low temperature
tar is much disputed. Pictet and Bouvier 1

support the view that it is not a product
of low temperature distillation, but they state that they found it in similar tars

which had stood for five years. Fischer 2 states that phenol is not always present ,

but Morgan and Soule 3 claim to have found it in tar from carbocoal.

The latter authors found the cresols in the same material, and Jones and

Wheeler4 claim that cresols are present m low temperature tars
, Pictet and

Bouvier1 detected them m tar that had stood for five years Gluud and Brouer 5

nave also found cresols

Xylenols (C8H100) have been found by various authors 6 Pictet and Bouvier

isolated 1 2 4-xylenol from tar that had stood for live years.

Trimethylphenols (C H120) have been identified in low temperature tar by
Gluud and Breuer,

5
Pictet, Kaiser and Labouchero,

6 and Eckard 6

The presence of tetramethyl and pentamethyl phenols is also claimed by Pictet,

Kaiser and Labouchere 6

1 Pictet and Bouvier. Compt rend , 1913, 157, 779
a Fischer. Ges Abh zur Kenntms der KoUe, 1918, 3, 89 ; Brennstoffchemie, 1920, 1, 31, 47
8
Morgan and Soule " Studies m the Carbonisation of Coal " Ohem Met Eng , 1922, 26, 926.

* Jones and Wheeler " The Composition of Coal
" Trans Chem Soc , 1914, 105, 140

6 Gluud and Breuer Ges Abli zur Kenntms der KoUc,, 1918, 2, 236
6 Moigan and Soule, loc cit , Fromm and Eokard "

Lignite Low Temperature Tar "
JBer., 1923,

56, 948 , Gluud and Breuer, loc tit , Jones and Wheeler, loc cit , Pictet, Kaiser and Labouchere.

Gompt. rend., 1917, 165, 113 ; Pictet and Bouvier, loc cit
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Gluud and Breuer1 have reported that catechol (o-dmydroxy-benzene) is present

in low temperature tar.

Besides the true phenolic substances a hydrogenated cresol, hexahydro-j9-cresol,

has been found by Pictet, Kaiser and LabouehtJre. 2 By inspection of its structural

formula

CH3

H2C

HX /
c

"

HOH

it will be seen that this substance is a secondary alcohol of the cyclohexane series.

As such its nature is more that of an aliphatic alcohol than of a phenol. The sub-

stance is a liquid boiling at 174 0.

ALDEHYDES
/H

An aldehyde may be represented by the general formula R C^Q where

B may bo a simple chain radicle or a radicle of the benzene type In the former

case the aldehydic group displays great chemical activity Thus, for instance,
^H /

acetaldehyde tcH^-C^ }
ls readily oxidised in the air to form acetic acid

it causes, by reduction, the separation of metallic silver from

ammoniacal solution of silver salts, and it further forms a number of additive

compounds.
U" In the presence of small quantities of acids or of certain salts, acetaldehyde is

converted into a polymende, paraldehyde (C 2H40) 3 . Acetaldehyde itself has not

been found in low temperature tar , but paraldehyde has been claimed to be

present by Schutz. 3

* Paraldohyde is a colourless liquid at ordinary temperatures (M. Pt. 12-6 0.
;

B. Pt. 124 C.). It does not exhibit the reactivity of acetaldehyde. When dis-

tilled with sulphuric acid, acetaldehyde is generated.
i Gluud and Breuer. Ges Abh zur Kenntnis der KcMe, 1918, 2, 230

a Morgan and Soule, loc. cit , Fromm and Bokard
"
Lignite Low Temperature Tar. Ber. 1923,

56 948 Gluud and Breuer, loc, at ; Jones and Wheeler, loc cit. ; Piotet, Kaiser and Labouchere

Lea Alcools et lea Bases du Goudron du vide Gompt rend , 1917, 165, 113 ; Piotet and Bouvier, loc. ctt.

8 Sohutz, JBrennstoffchemie, 1923, 4, 84.



82 LOW TEMPERATURE CARBONISATION

KETONES
jp

The general formula of ketones may be written as-p^-C
=:O It will be

Been that they bear a close relationship to aldehydes, the hydrogen atom in the

latter being replaced in ketones by a radicle such as CH3 ,
C 2H5 or C6HB .

To some extent the properties of the ketones resemble those of the aldehydes ;
but

the former are not so easily oxidised, and consequently, in some directions, they
are less reactive

; thus they are not capable of reducing alkaline silver salt solutions.

Acetone (CH3
< CO iCH 3) is the simplest ketone, and was obtained from ordinary

coal tar by Housler 1
;

while methylethylketone (CH3 -CO'C 2H5) was found in the

same material by Schulze 2 Both substances have been found in low temperature

tar, the first by Broche,
3 and the second by Schutz, Buschmann and Wissebach 4

ACIDS

Although acetic acid (CHa -COOH) and benzoic acid (C6H5
iCOOH) have been

identified in ordinary coal tar, no reference to these or other organic acids is made
in the literature of low temperature carbonisation

C. COMPOUNDS CONTAINING SULPHUR
So far as the literature shows, the sulphur-containing compounds in the low

temperature distillation products form no definite group or series , brief reference

is made below to the few individual substances which have been noted.

Hydrogen Sulphide (H 2S) Burgess and Wheeler5 note the occurrence of this gas.

Carbon Bisulphide (CS 2) Jones and Wheeler 6 state that this does not occur in

low temperature gas ,
but Schutz, Buschmann and Wissebach 7 claim to have

found traces.

Methyl Mercaptan (CH 3 -SH) and Dimethyl Sulphide (CH 3 ) 2S. Both these

substances have been noted by Schutz, Buschmann and Wis,c ebach 8 as products
of low temperature distillation The former, the first member of the group oi'

thioalcohols (e g alcohols in which sulphur takes the place of oxygen), is an ovil-

1 Housler JBer , 1895, 88, 488
2 Schulze JBer , 1887, 20, 411
J Low Temperature Tar obtained from the Zeclie Furst Fardenberg Coal, and in particular, tho

content of Benzene, Phenol and Acetone Bet , 1923, 56, 1787-91
4
Schutz, Buschmann and Wissebach "Low Temperature Coal Tar and tho Pioducls of il

Over-heating
"

JBer
, 1923, 56, 1091

fi

Burgess and Wheeler "Tho Volatile Constituents of Coal" Tians Chem Soc , 1915, 107,
1916, and subsequent papers

8 Jones and Wheeler "
Composition of Coal

"
Trans Chem Soc , 1914, 105, 140

7
Schutz, Buschmann and Wissebach " Low Ternpeiatme Coal Tar and the Products of its

Over-heating
" Ber

, 1923, 50, 1091
8
Schutz, Buschmann and Wissebach, loc cit
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Bmelling liquid, lighter than water, which boils at the low temperature of + 6 C.

The xnercaptans are characterised by the formation of metallic derivatives, in

which the metal takes the place of hydrogen. Thus ethyl mercaptan, or mercaptan,
as it is commonly called (C 2H5 'SH) gives sodium mercaptide (C aH6 'SNa) and

mercury mercaptide (C 2H5S) 2Hg. A tolyl-mercaptan (CH3 'CaH4 -SH) has been

identified in low temperature tar by Schutz. 1

In the thioethers, of which dimethyl sulphide is the first member, sulphur takes

the place of oxygen in common ethers, e g. ethyl ether (C->H5) 20, diethyl sulphide

(C 2H5 ) 2S

The thioethers form derivatives with certain metallic salts by direct addition

(eg (C 2H5 ) 2S-HgCJ 2), are somewhat readily oxidised and unite directly with the

halogens , the tendency of the sulphur atom to pass from the di- to the tetra-valent

state is the keynote to their chemical behaviour. Dimethyl-sulphide is a liquid

(B Pt 37
) having an unpleasant and, at the same time, ether-like smell.

Thiophene. C 4H 4S occurs in high temperature tars
,

its presence in low

temperature tars is, however, problematical.
2 The substance is a colourless liquid

with a fanit smell resembling that of benzene, and boils at nearly the same tein-

peiatnre (84 C ) as the latter Its structural formula is

HC CH

HO CH
\/
S

and, t>mce the i ing-structure is not composed exclusively of carbon atoms, it is

known as a fieterocychc compound When a mnmte quantity of thiophene is mixed

with a few ccs. of strong sulphuric acid containing a crystal of isatm in solution,

a deep blue coloration is developed ,
the colour is due to the formation of mdo-

phenino, and the reaction is utilised as a delicate test for thiophene. In chemical

behaviour thiophene does not in the least resemble the thioethers (nde supra) ,

towards reagenls such as sulphuric and nitric acids it behaves in a similar way to

benzene and its derivatives.

D. COMPOUNDS CONTAINING CHLORINE

These can be dismissed by the brief statement that hydrochloric acid (HC1)

and ammonium chloride (NH 4C1) have been identified as products of low tem-

perature distillation by Jones and Wheeler. 3

1 Sohutz.
" Low Temperature Tai "

Ber., 1923, 50, 162
2 Sco Morgan and Soulo Chem and Met Eng , 1922, 26, 977
3 Jones and Wheeler " The Composition of Coal

"
Tians Chem Soc , 1914, 106, 140
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E. COMPOUNDS CONTAINING NITROGEN
So far as low temperature tars are concerned, the nitrogenous substances which

have so far been identified are, with one exception, basic in character. The

exception is methyl cyanide (CH3CN), which was identified by Schutz, Buschmann
and Wissebach. 1

Methyl cyanide, or acetomtrile, as it is more commonly called,

is a colourless combustible liquid (B. Pt 82 C.). On heating with acids or alkalis

it is hydrolysed, yielding ultimately acetic acid.

CH3 -CN + 2H2 -> CH3-COOH + NH3 .

Under appropriate conditions it is reduced by hydrogen to ethylamine :

CH3CN + 2H2
-- CH3-CH2-NH 2 .

Of the basic nitrogenous substances ammonia is the simplest ; many authors,

e.g. Burgess and Wheeler,
2 refer to its occurrence. Its nature and properties are

BO well known that a description of them here is unnecessary. The principal

nitrogenous bases in low temperature tars to which reference is made in the literature

are shown below :

CH

CH' XCH

CH

N
Pyridine

7? "Pt

Pyridine 5H5N . . . . (M.Pt-42) 1155
Picohne C5H4N(CH3) . . . a-isomer 129... /?-isomer 144-147... y-isomer 142 5-144 5
Ethylpyridine 5H4N(C 2H5)

. . a-isomer 1485
Collidine (1:3-5 tnmethylpyridine) C5H 2N(OH3) 3 172
Hydroquinoline.

Methylhydroqumoline .

Ethylhydroquinohne.

Isohydroquinohne.
Toluidmes CH 3-C 6H,OT 8 . . o-isomer 1997

. m-isomer 203 3

p-isomer (M. Pfc. 45) 200 2

of

Th6 V latile Oo^-^ of Coal." Trans. Ckem. Sac., 1915, 107,
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Pyndme. Jones and Wheeler1 found pyridine bases in low temperature tars in

traces only ;
while Morgan and Soule 2

(see also Eckard3
) identified pyridine in the

tar from carbocoal. Pyridine is a colourless liquid with a peculiar smell
; it is

freely miscible with water, and the solution is strongly alkaline. The substance is

remarkable for its indifference to chemical reagents. It is a tertiary base and

forms salts with acids (e g. pyridine hydrochloride, C5H5N,HC1), which are usually

soluble in water

Picolines, The three isomcnc methylpyridin.es are known as picolines ; their

formula are as follows

CH3

7\
CH,

CH3 ^
N N N

a-picohno /3-picolme y-picoline

The picoluies are liquids very similar in character to pyridine ;
their occurrence

has been noted by Morgan and Soule 2 and Eckard 8 The three isomenc ethylpyridines

are also known, and again are similar in behaviour to pyridine ; the occurrence of

these substances is recorded by Morgan and Soule 2

1-35 Collidme For the occurrence of this substance, see Gollmer. 4
Its

formula is : rtr

N

Pictet, Kaiser and Labouchere5 note the presence of a hydroquinolme and of an

isohydroqumolme ;
while methyl- and ethyl-hydroqumolme have been identified in

low temperature tars by Morgan and Soule. 2

1 Jones and Wheeler.
" The Composition of Coal " Trans CJiem. Soc , 1914, 105, 140.

a
Morgan and Soule CJiem and Met Eng , 1922, 26, 926

* Fromm and Eckard "
Lignite Low Temperature Tar "

JBer., 1923, 56, 948.
4 Gollmer "

Basic Compounds in Low Temperature Coal Tar "
JBrennstoffchetme, 1923, 4, 19.

fi

Piotet, Kaiser and Labouchere Compt rend,, 197, 165, 113.
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Toluidines. The formula of the three isomeric toluidmes, which are methyl-

anilin.es, are as follows

CH3 CH a CH8

o-toluidme m-toluidine p-toluidme

Pictet, Kaieer and Labouchere 1 record the presence of primary bases, apparently

toluidines, in low temperature tars. The toluidmes are the homologues of aniline

(C6H5NH 2), which they greatly resemble in all their chemical properties They
are basic, neutralising acids and forming salts which are frequently soluble in water

(e.g toluidine hydrochloride, CH3 -C6H 4 -NH2,HC1) Their reactions are numerous

and important.
To complete the account of the nitrogenous basic substances it should be added

that Pictet and Bouvicr 2 have stated that secondary bases (e g of the type -p ^.NH)K i

were present in tars which they examined.

1
Pictet, Kaiser and Labouch6ro Oompl rend , 1917, 165, 113

8 Pictet and Bouvier Oompt rend , 1913, 157, 779 , also J J Morgan and R P Soule
" Exami-

nation of Low Temperature Coal Tara
" Ind Eng Chem , 1923, 15, 587-91



CHAPTER VII

THE EFFECT OF HEAT UPON GOAL

INTEODUCTOEY

MUCH experimental work has been undertaken to determine the effects ol heat

upon coal, not only with a view to obtaining or deducing information upon the

constituents in coal, but also as a guide to the commercial carbonisation of coal

at various temperatures. It is desired in this chapter to consider the effect of

heat on coal from the latter standpoint.

The three principal products obtained by low temperature processes of car-

bonisation are coke, oils and gas, and the conditions must bo fixed so that the

quality and quantity of the yield are optimum, with particular reference fco their

total commercial value. It has already been indicated that, by increasing the

temperature of carbonisation, the hardness of the coke and the yield of gas are

m general unproved, but that the quality of the gaseous products and the quantity

of the oil are decreased For low temperature processes a compromise must there-

fore be effected in fixing the temperature of carbonisation. This must be high

enough to leave only sufficient residue of volatile matter in the coke to ensure its

ease in kindling and free-burning properties and, at the same time, not so low as

to invalidate the strength of the solid residue. The temperature must not be so

high as to reduce the rich quality of the gas or the optimum of the oil yield. The

particular problems to be discussed in this chapter are therefore

A The most suitable temperature of carbonisation for low tem-

perature processes.

B The time required for carbonisation.

C The amount of heat required for carbonisation

A. THE TEMPERATURE OF CARBONISATION FOR LOW
TEMPERATURE PROCESSES

SOME RESULTS OF EXPERIMENTAL RESEARCH

Coal is a very complex substance, and the products of decomposition vary

considerably when it is heated to different temperatures. As the composition of

coal also varies over a wide range, it is impossible to make sound generalisations

of the yield at any temperature which would be applicable to all typos of coal. The

following results of experimental investigations in the laboratory on carbonaceous

materials at various temperatures, but more especially the lower temperatures, will,

however, first be considered.

Bornstem in 1906 1
published the results of researches on the low temperature

1 Bbrnstem, E.
"
Decomposition of Solid Fuels at gradually increasing temperatures," Journ. /.

Gasbeleuchtung, 49, 627-30, 648-62, 667-71.

87
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diBtillation of wood, peat and lignite The ultimate analysis of each, material is

given in Table XIV, and the composition of gas evolved at various temperatures
ie given in Table XV.

TABLE XIV

ULTIMATE ANALYSIS OF WOOD, PEAT, AND LIGNITE

IN BORNSTEIN'S EXPERIMENTS

Carbon

Hydrogen
Oxygen
Nitrogen

Sulphur
Ash .

Moisture

Wood

48-75

648
4075
063
008
0-10

3-21

Peat.

43-76

416
24-57

2-30

0-24

7-94

17-03

Ligmte

63-44

505
21-70

0-83

045
622
1-81

TABLE XV

GASES EVOLVED FROM WOOD PEAT AND LIGNITE (BORNSTEIN)

260C-300C 300 C 350 C 350 C 400 C 400 C 460 C.

Carbon Dioxide

Carbon Monoxide
Methane
defines

Hydrogen
Sulphur compounds

Lignite Wood Peat Lignite Wood Peat. Ligmte Wood, Peat Lignite

914
6-4

1-1

0-7

03

Bornstein also carbonised eight samples of coal at a temperature of 450 C.

The proportion of the products varied considerably, but the following may be

quoted :

ULTIMATE ANALYSIS OF MOISTURE-FREE AND ASH-FREE COAL
c

85-09

H
482

0.

7-95

N.

1-08

s

1-06

PERCENTAGE COMPOSITION OF GASES
Carbon Dioxide Carbon Monoxide. Methane. Ethane defines Hydiogen.

3-8 38 54-3 152 5-6 17-3
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Unfortunately the quantity of the gases distilled from the substances investigated

by Bornstein is not given.

A further contribution to this subject has also been made by Porter and Ovitz *

Ten grammes of non-cokmg coal (Illinois) and of coking coal (Pennsylvania) were

progressively heated in an atmosphere of nitrogen to temperatures varying from

390 C. to 1026 C
,
and the gases given off were measured and analysed. The

ultimate analysis of the coals on a moisture-free basis are given in Table XVI,
and particulars of the gases evolved are given m Tables XVII and XVIII The

volumes of the gases evolved from the ten grammes of coal at the various tem-

peratures are given in Tables XIX and XX and are shown in Figs. 4 and 5.

TABLE XVI

ULTIMATE ANALYSIS OF ILLINOIS AND PENNSYLVANIA COALS

(PORTER AND OVITZ)
IlhnoiB Pennsylvania.

Carbon ... 6787 7800

Hydrogen . 5 44 5 24

Oxygen ... 1947 747

Nitrogen . 1 34 1 23

Sulphur . 046 095
Ash ... 542 7-11

TABLE XVII

GASES EVOLVED FROM ILLINOIS COAL

(
PORTER AND OVITZ)

Temperature of furnace

C . . . 500 600 700 800 900 1000 1100

Highest temperature
reached m coal C. . 390 480 585 685 811 920 1026

Volume of gas evolved

c c (from 10 grammes
of coal) . 197 535 980 1550 2335 2700 3120

Analysis (calculated

nitrogen free)

C0 2

Illuminants

CO
CH 4 ,

C 2H fl ,
etc .

H,

1 Porter and Ovitz.
" The Volatile Matter of Coal

"
Bulletin I, U.S.A. Bureau of Mines, 1910, 1-66.
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TABLE XVIII

GASES EVOLVED FROM PENNSYLVANIA COAL (PORTER AND OVITZ)

Temperature of furnace

C. . 500 600 700 800 900 1000 1100

Highest temperature
reached in coal C. . 390 474 589 705 812 922 1010

Volume of gas evolved

c c. (from 10 grammes
of coal) 161 718 1220 1723 2080 2900 3530

Analysis (calculated

nitrogen free)

C0 2 . . 15-9 42 3-2 20 11 12 1-0

illummants . 91 71 43 45 48 46 52
CO 78 60 63 72 74 64 73
CH4 , C 2H6 ,

etc 63 3 64 4 55 8 47 33 2 29 26-3

H 8 . 39 183 304 393 535 58 8
(

60 2

TABLE XIX

VOLUMES OF GASES EVOLVED FROM ILLINOIS COAL IN c c. PER
TEN GRAMMES

Temperature C 390 480 585 086 811 930 1026

TABLE XX
VOLUMES OF GASES EVOLVED FROM PENNSYLVANIA COAL IN c.c PER

TEN GRAMMES

Tempeiature C 390 474 589 705 812 922 1010

161-0 718-0 1220-0 17230 2080-0 2900-0 3530-0
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Ail examination of the products of carbonisation at 600 0. from typical coals

in the low temperature assay apparatus described on page 60 has been made by

Gray and King. In this method a 15-grammo sample contained in a glass tube

was inserted to the full extent in the furnace at a temperature ol 300 C The

temperature was then slowly raised to 600 C during one hour, after which

it was maintained at this level for a further period of one hour As a

2700

1800
|

1
,

r| 1500

J200

**>

o

<S 6
,

300

303 304 305 306 307 308 309
Temperature C,

Fia 4 VOLUMES OF GASES EVOLVED :FBOM ILLINOIS COAL

email quantity of air is contained in the tube before the experiment commences,
the gas samples are to a small extent contaminated with an1

. The investigators

point out that

"
This explains the presence of oxygen, the high nitrogen figures, and

probably accounts for a portion of the carbon dioxide, as oxygen is freely

absorbed by coal at temperatures much below the point of decomposition. This

absorption of oxygen makes it impossible to arrive at the exact composition of



LOW"TEMPERATURE CARBONISATION

the gas from the coal by deduction of the volume of air found by calculation,

and the results are therefore reported in the form obtained from the analyse36S.

The authors go on to state that

"The analyses were carried out over mercury in a Bone and Wheeler

apparatus, to which was fitted a copper oxide tube for the direct determination

of the hydrogen. The proportions of the saturated hydrocarbons were calculated
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from the results of the explosion analyses, assuming only methane and ethane

to be present. Since it is practically certain that higher paraffins are present
to some extent, this assumption is not justifiable , but the close agreement
between the volume of oxygen used up m the explosion and that theoretically

required for the proportions of methane and ethane reported, indicates that

propane and higher paraffins, if present, occur in relatively small proportion. .

"
The proportion of nitrogen was arrived at by deducting from the total

residual nitrogen the volume of the latter which had been added in the form
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of air, to supply the oxygen necessary for the combustion of the hydrocarbons,

instead of representing it as the difference between the 100 and the sum of the

other constituents, as is customary. The variation of the total from 100 repre-

sents errors of analysis. The percentage of nitrogen reported m No. 5 is

evidently low, as it falls somewhat short of the figure which is equivalent to

3 per cent of oxygen."

The principal data obtained by Gray and King are given in Table XXI. Their

results, in common with those of the previous investigators, emphasise the high
ratio of methane and higher paraffins in gas produced by low temperature car-

bonisation at temperatures of about 600 C.

Reference may also be made to a paper by Porter and Taylor
1 in which are

shown the yields of typical coals between the temperatures of 250 arid 450 C.

CRITICAL TEMPERATURES IN THE HEATING OF COAL

Somewhat similar yields of gases to those of Porter and Ovitz have been obtained

by Burgess and Wheeler 2 on samples of bituminous, semi-bituminous and anthracite

coals. It appears from their experiments that the occluded gases are evolved up
to about 200 C

,
that the evolution of the combined water commences at 200 C.

and that the decomposition of the coal substance commences at about 350

This is confirmed by some large-scale work at H.M. Fuel Research Station, when

coal was raised to a temperature of 350 C. in a rotary heater.

Vignon
3 concludes that unsaturated hydrocarbons are evolved up to 600 C.

but not beyond, and that methane and other paraffins form from 60 per cent to

80 per cent of the total yield of gas up to about 800 C
It is clearly established that there is a definite critical temperature between

700 and 800 C
, at which the evolution of hydrogen rapidly increases. This

phenomenon has already been referred to (page 46, Chap IV), and its exact

significance need not here be discussed. It is generally agreed, however, that

secondary reactions on a large scale begin at this temperature. The secondary

reactions are due to the influence of heat upon the primary products of distillation

previously formed, the tar being changed m character and diminished in quantity,

and the gas being increased in volume but diminished m complexity and calorific

value. This temperature of 700 C. may be considered the limit beyond which

x Porter and Taylor
" The Mode of Decomposition of Coal by Heat." Proc. Amer, Gaa Ins ,

5th Annual Meeting Chem. Sec , 1914, 1-50
8
Burgess and Wheeler

" The Volatile Constituents of Coal
"

Trans. Cliem Soc., 1910, 97, 1917-

35, and 1911, 99, 649-67
" The Distillation of Coal m a Vacuum " Tram Chem. Soc., 1914, 105,

131-40
8
Vignon, L.

"
Distillation Fractione'e de la Houille." Comptes JRendus Acad 8ei., 1912, 155.

1514-17
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coal should not be heated in any process for low temperature carbonisation if the

oils and gases are to possess the properties associated wifch the primary products

of carbonisation.

THE EFFECT OF THE CARBONISING TEMPERATURE ON THE
QUALITY OF THE COKE

The effect of the temperature of carbonisation on the quality of the resulting

coke is very marked for wide temperature ranges. The structure of the coke

resulting from the carbonisation of the same coal at various temperatures has been

examined by Cobb and Greenwood 1 In particular the specific gravity, porosity

and weight of the resulting samples of coke were determined. The temperatuiee

employed were 550 C.
5
850 C and 1100C., corresponding to low temperature,

gasworks and coke-oven practice respectively. The original coal had a specific

gravity of 1-27. The specific gravity and porosity, as calculated from the ratio of

actual coke volumes and interspaces, of the resulting coke were as follows :

A
B
C

The differences are summaiisecl by the authors of the paper as follows .

(1) The total volume of coke A was 3 per cent greater than that of the original

coal. Such swelling is the cause of much difficulty m low temperature
carbonisation

(2) Coke B was much harder than coke A, and the changes in weight, porosity,

etc., show that this hardening was accompanied by a thinning of the

cell walls

(3) Coke C had similar properties to those of a commercial sample of metal-

lurgical coke The hardening in this case was accompanied by a thickening

of the cell walls This circumstance is regarded as one main difference

between gas coke and hard metallurgical coke.

THE TEMPERATURE OF CARBONISATION

From the data hitherto published of the results of laboratory experiments it

would appear that there is not yet definitely established a temperature lying

between 350 and 750 C
, for which it may be said that the yields of the products

of distillation are an optimum. It is possible, however, that on a commercial plant

for low temperature carbonisation the working range of temperature may fall within

1 Cobb and Greenwood
" The Structure of Coke." Journ. Soc. QJtem. Ind , March, 1922.
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narrow limits. The value of the gas, tar and coke must then be measured in terms

of the quantity and quality from an economic standpoint, while the practical diffi-

culties of maintenance and upkeep of the plant must also be borne in mind. The

effect of heat on the quality and strength of iron and steel at high temperatures

must in particular be taken into account. It will possibly be found that a tem-

perature in the neighbourhood of 600 C. is, on the whole, most suitable for the

majority of commercial plants, though it may be desirable to heat certain coals

to a higher temperature, say 650 C., m order to assist in the production of a

compact coke.

B. THE TIME REQUIRED FOR CARBONISATION

THE TIME ELEMENTS IN THE CARBONISATION PROCESS

It is essential from a commercial standpoint to have reliable information on

the time required for the carbonisation of coal. The conditions under which

laboratory experiments are performed are, however, so different from those which

occur on any full-scale plant that it is very difficult to draw any conclusions of

value for commercial application. Practical aspects of the problem of heating the

material will be discussed in a later chapter. In this section the matter will be

considered in a preliminary manner from the results of small- and medium-scale

experimental work.

Coal is a poor conductor of heat, and the time of carbonisation is influenced

very largely by the method of heating, the shape of the retort, the thickness of the

charge, the size of the particles, the closeness of packing, the facilities for the

escape of the vapours and many other important factors Whereas detached

particles of coal when exposed to radiant heat can be carbonised in a few seconds,

it has been found that the carbonisation of 20 grammes of finely ground coal m
the laboratory assay apparatus of the Puel Research Board is only completed
when a temperature of 600 C has been maintained for at least twenty minutes

Apart, therefore, from the time required to transfer the heat from the heating

medium to the charge, which is influenced by the method of heating, size of particles,

etc , it would appear that there is a fuither time-element, due to the necessity for

maintaining the coal at the maximum temperature before carbonisation is com-

plete. It is scarcely to be expected that the varied and complex reactions which

occur m a mass of coal heated to a temperature of, say, 600 C. can be completed

immediately that temperature is attained, and an interval of time must elapse

before the gases and volatile products can be removed from the charge Both the

variables, rate of heating and rate of completion of the carbonising reactions are

dependent, amongst other factors, upon the ratio of the mass to the surface o

the charge.



THE EFFECT OF HEAT UPON COAL 97

THE EFFECT OF THE TIME-ELEMENT ON THE YIELD OF GAS

In connexion with, the effect of the time-element on the yield of gases, results

of interesting experiments on a works scale are given in the Keport of the Fuel

Research Board. 1 In these experiments the variations in the rate of evolution, in

the calorific value and the density of the gas at different stages of the carbonising

period were determined at a constant retoit temperature of 600 C

The graphs of typical results on a time basis are shown in Figs 6, 7, 8 and 9.

It will be seen that there is an initial rapid evolution of inert gas, probably chiefly of

steam, and carbon dioxide, although some of the effect observed is due to expansion

Rate of Evolution of Gas

Change in Calorific Value of Gas

FIG 6

10O
t

120 WO 16O 130 200 220 240
Time in Minutes.

-CABSONISATION IN HOBIZONTAL STEEL RETORTS OF LANQLJEY BBIOHTS COAL

of cold air which is admitted with the coal charge The rate of evolution then drops

to a minimum at about 30 minutes, but later steadily rises to a maximum at about

120 minutes, after charging, but is sustained for about 20 minutes only. The peak

in the curve of calorific value occurs at about 1|- hours after charging, where it

reaches a value of about 1200 B.Th U
,

but it will be noticed that, after about

2| hours, it drops very rapidly to about 700 B.Th U and less. The specific gravity

starts at a maximum value, and drops steadily to a fairly constant figure at 2 hours

and onwards. It thus follows that, from the standpoint of the yield of gas, there

is no advantage to be gained in
"
stewing

"
the coal for an indefinite period, since

1 Fuel Research Board Report for the years 1920-1 Second section, "Low Temperature
Carbonisation

"
(H.M. Stationery Office )
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he increased quantity of gas to be obtained is small. Fig. 10 shows a typical gas

svolution curve for tie laboratory assay apparatus for a similar coal to that from

vhich Fig. 8 has been obtained. It will be seen that these curves present a remark-

ible similarity in shape.

THE EFFECT OF THE TIME-ELEMENT ON THE STRUCTURE
OF THE COKE

The effect of the time-element on the structure of the coke is of considerable

mportance. This is discussed very fully m the report already quoted, and to

vhich further reference should be made. It has already been pointed out that small
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FIG, 7 CARBONISATION IN HOBIZONTAL STEEL RETORTS OF DALTON MAIN COAL (SAMPLE 1)

etached particles of coal can be carbonised by radiant heat m a few seconds, but

hat 20 grammes of finely ground coal are only carbonised in the assay apparatus
rhen a temperature of 600 C is maintained for at least twenty minutes Thus,

s the ratio of surface to mass is decreased, the
"
time-element

"
in carbonisation

ecomes important. This has clearly an important bearing on the problem of

irbomsing material in thin layers

On the other hand, any attempt to take advantage of the rapid action of radiant

sat introduces certain undesirable complications when the coke is required for

amcstic purposes. In the earlier experimental work at H.M. Fuel Research

Cation, when coal was carbonised m shallow trays m the plant described on

ige 220, it was found that the effect of the radiant heat from the crown of the

eel retort was to carbonise the surface layers so rapidly that little or no general
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fusion had taken place. This effect was BO great that, in a layer of material one

inch thick, the strength of the final coke was adversely affected. Although the

disadvantage was obviated by placing a steel plate on the top of the carbonising

mass, this solution of the difficulty was, of course, undesirable from a manipulative

standpoint It should be noted m passing that the reduction of the
"
time-element

"

by the utilisation of radiant heat would be of considerable advantage if the resulting

fuel could be used either in the form of powder or as the material in a briquetting

process.

In consequence of this experience a thicker layer of material was used and the-
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j?IQ< s CARBONISATION IN HORIZONTAL STEEL RETORTS OB1 DALTON MAIN COAL (SAMPLE 2)

carbonising trays were divided into square cells by means of grids made of half-inch

steel strips, in order to assist in heat distribution by conduction and so compensate

for the increased thickness of the coal mass. Blocks of fuel were thus prepared,

and those of three-inch cube were found the most satisfactory. Five of the six

bides of the blocks being in contact with the steel surfaces were smooth and glazed,

the sixth side being rough. The high heat conductivity of the steel facilitated the

flow of heat to the material in the centre, and so reduced the time of carbonisation,

and the blocks were found to be of uniform structure. Further useful information

could be deduced from the fact that under these conditions the presence of a layer

of finely powdered coke on the free surface gave evidence when the mixture of coal
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employed was deficient in caking po\\ er. Such blocks were adopted as the standard

form of fuel produced by this paiticular process

The effect of the passage of volatile gases through the mass of coal is of import-

ance, especially during the cementation period, i.e. during the period when the

"temperature lies between 350 C and 450 C.

During this period the material is very resistant to the passage of gas, and,

while the effect of this may not be pronounced when the material IB treated in

thin layers, the effect when it is heated more or less m bulk, as in certain

\
\"V

0) Da/ton Main Coal
Mitchell Main Gas Nuts

(3) EHe&iown Main Coal
60% of (D with 40% of

f

20
I

40 60 80 J60 ISO ZOO 220 24O
\ i r

100
t

120
f

140

Time in Minutes
FIG 9 COMPARISON OF BATE OF EVOLUTION OF GAS DUEING CARBONISATION AT

600 C OF VARIOUS COALS IN HORIZONTAL STEEL RETORTS

types of vertical retorts, may be very marked Consider, for example, the maton.d
in a vertical retort which is externally heated Owing to the pooi heat conductivity
of coal, the zones of temperature from the walls inward may bo taken to vary
somewhat, as shown in Fig. 11 The materialm zone A being above tho cementation

temperature has solidified and will be pervious to the gas. The material in zone B
being at the cementation temperature and in a plastic condition prevents tho flow
of gas from C to A or A to C As the heat is further transmitted to tho coal, tho

plastic envelope travels towards the centre of the core. The fuwng of tho coal
tends to resist the flow of the gases, forcing a large proportion of thorn to escape
through the outer layers of material at the higher temperatures. In order to

prevent the pressure within the retort rising unduly, and to facilitate the transfer
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of heat to the ulterior by the medium of the carbonisation gases, it is desirable in

such cases to use screened coal of uniform size, or to stop the expansion by other

means, such as blending.
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FIG 10 GAS EVOLUTION CURVE IN Low TEMPERATURE ASSAY APPARATUS OF
DALTON MAIN COAL

The e licet of these aspects of the time-element on the carbonisation of coal at

low temperatures is thus of gr^at importance, and should be closely studied by
those interested in the design of a full-scale plant

THE EFFECT OF THE TIME-ELEMENT ON THE YIELD OF TAR

The changes likely to be brought about by modifications m the elements of

carbonisation are dealt with more fully in Chapter XIII. It is, however, desirable

to note at this stage that the effect of the time-element on the yield and quality

>M

$i
i

FIQ. 11 ZONES OP TEMPERATURE IN -EXTERNALLY HEATED VERTICAL RETORTS

of tar is roughly in conformity with its effect on the gas The influence of time

is bound up with the speed at which the tar vapours are removed from the heated

zones
; thus, if their removal be very slow, the tar vapours will experience secondary

decomposition, with the production of lighter fractions, gas, carbon and pitch.

The yield of oils will be decreased, and the character of the bodies formed begins

to change from paraffinoid to benzenoid structure.
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Time has also another effect quite apart from changes due to prolonged heating

of the oil which has already been formed and vaporised. During the carbonisation

of coal there will be a period when tar formation is at a maximum rate, after which

it falls off in somewhat the same manner as we have already seen m the case of the

gas. That is to say, oils will still continue to be given off, but m rapidly diminishing

quantities As m the case of the gas generated, a moment will be reached when

tar formation, while still continuing, will be so small as to render it uneconomical

to prolong the carbonisation any further for oil production alone. In most practical

cases, however, carbonisation is carried out at such a temperature that the evolution

of tar is practically complete before the rate of evolution of gas has fallen to such

a figure as would render it uneconomical to continue carbonisation.

C. THE AMOUNT OF HEAT REQUIRED FOR CARBONISATION
EXOTHEEMIC AND ENDOTHERMIC REACTIONS

The amount of heat required to produce the necessary chemical and physical

changes for the carbonisation of coal is not large, but its economic importance
varies according to the method of carbonisation adopted

The problem is one of extraordinary complexity, since the original coal is a

heterogeneous material containing a large number of chemical entities which react

together under the influence of heat to produce solids, liquids and gases of equal

-complexity. When a reaction takes place between two chemical compounds, heat

is either absorbed or evolved If the reaction is accompanied by an absorption of

heat it is said to be endothermic, while if heat is given off the reaction is termed

exothermic Thus, if carbon is burnt in oxygen, according to the reaction

C -j- 2
= C0 2 4- 97,000 calories, heat is given off to the extent of 97,000 calories

per gramme molecule of carbon dioxide formed The reaction is therefore accom-

panied by a rise in temperature of the product, and is exothermic On the oth.ec

hand, if carbon be made to combine with hydrogen according to the reaction

2C + H 2
= C 2H2 48,000 calories, heat is absorbed to the extent of 48,000 calories

per gramme molecule of acetylene formed The reaction can only take place if

heat is supplied, and is therefore endothermic This heat apparently disappears
as such, but still remains as energy in the substance or substances formed, and this

energy can be regenerated into heat units by suitable means

THERMAL REACTIONS IN COAL AT HIGH TEMPERATURES ,

In the carbonisation of coal we find exothermic and endothermic reactions

taking place simultaneously These tend to balance each other thermally, and the

net result is only exothermic or endothermic to a slight degree Work on this
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subject has been carried out by Mahler 1 m 1891, Euchene 2 m 1900, Cousfcam and

Kolbe 3 and Schlapfer
4 m 1908 and 1909, and Hollinge and Cobb 5 m 1914 and 1915.

Mahler determined for a certain type of coal m his bomb calorimeter the heat

of combustion of the coal, and also that of all the products of carbonisation, finding

that the latter was lees than the former by some 459 B.Th U. per Ib of coal, or

about 2| per cent of the heat in the original coal.

Euchene compared the heat of formation of the distillation products with the

heat balance of a retort setting, and for coal of a similar ultimate chemical

analysis to that used by Mahler found an evolution o heat during the reactions

of 114 B Th.U. per Ib
,

or say 0-6 per cent. In his paper Euchene discussed

observations made with three types of coal which differed in their content of

oxygen and also m their volatile matter, all of which showed a liberation of heat

during the distillation. The amounts apparently liberated in his experiments are,

however, very small (always under 1 per cent), and are therefore of an order

comparable with the probable percentage error of his experiments
Constam and Kolbe, using the method adopted by Mahler, worked on typical

English coals, and obtained figures for an evolution of heat varying between 6 pec
cent for a Nottinghamshire coal and 2 1 per cent for a Welsh steam coal

THERMAL REACTIONS IN COAL AT LOW TEMPERATURES

The whole of the work mentioned above refers to the overall evolution of heat

duung a process where coal is distilled by subjecting it to temperatures which

increase from atmospheric at the commencement to the temperature associated

with high temperature carbonisation Little work of a quantitative nature has up
to the present been attempted where the maximum temperature has been limited

to those associated with low temperatuie carbonisation Hollings and Cobb fl

have,

however, compared the temperature changes which occur in a sample of coal when

it is heated and distilled by a definite inflow of heat with those which occur during

the heating of a similar sample of inert material by a similar inflow. In this way

they have succeeded in tracing the course of the exotherrmcity or endothernncity

of the reactions which take place afc the different temperatures. Bituminous coals,

anthracites, cannel and cellulose were examined, and they were able to detect

1 Mahler, A.
" Sur la Distillation de I'Houille

"
Comptes Rendut>, 1891, 113, 862.

2 Euchono "
Thermic Reactions m the Distillation of Coal

" Journ Gas Lighting, 76, 1080, 1900
3 Constam and Kolbe "

Researches on the Carbonisation of Typical English Coals
"

Journ of Gas

Lighting, 107, 096, 1909
4
Schlapfor

"
Study of the Carbonisation of the Chief Types of Coal

" Journ of Gas Lighting, 103,

382, 1908, 1909
5
Hollings and Cobb " A Thermal Study of the Carbonisation Process

"
Gas Jown., 1914, 126,

917 , Tians Chem Soc
, 1915, 107, 1106 , Fuel m Science, and Practice., Nov , 1923

6
Rollings and Cobb "A Thermal Study of the Carbonisation Process

" Gas Journ,, 126, 917,

1914 , Ttans Chem. Soc , 1915, 107, 1106 , Fuel in Science and Practice, Nov ,
1923.
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"
a number of fairly well-defined stages during which exothermic or endothermic

reactions predominate." In their summary Rollings and Cobb state
"
In the case

of the Monckton coal used, the distillation, so far as it is revealed by thermal

changes, commences at 250 C., and endothermic reactions predominate up to 410 C.

This is followed by a short exothermic stage between 410 C and 470 C
,
and a

second endothermic period between 470 C. and 610 C. The exothermic stage

above 610 C. is always very pronounced, and is interrupted between 750 C. and

800 C. The probability that exothermic reactions continue to some higher tem-

perature has already been discussed."

It will be seen then that, although the overall reactions associated with high

temperature carbonisation appear to be exothermal, it does not follow that this

will apply to the results of a low temperature carbonisation method. If the tem-

perature be limited to 600 C. in the case of the coal used by Rollings and Cobb,

we have endothermic reactions commencing at 250 C and continuing until 610 C
,

with a break between 410 C and 470 C., during which there is a short exothermic

stage. For this coal, at any rate, it is possible that the overall reactions during

low temperature carbonisation may be either neutral or slightly endothermic

It may, however, be pointed out that in most of the coals which have been tried

under low temperature conditions at H M. Fuel Research Station the potential heat

in the products after cooling to datum temperature has been less than the sum of

the potential heat in the raw coal and the sensible and latent heat of any steam

used. It must not be forgotten, however, that the results of such determinations

include the sum of all the errors made in the necessary measurements

In large-scale work, where experimental conditions are necessarily more crude,

the effect of heat loss by radiation, etc
,
which cannot be directly measured is BO

great as to obscure the relatively smaller effect of the heat balance of the reactions

which take place in the coal substance

THE HEAT BALANCE SHEET IN PEACTICE

Consider the heat balance sheet for coal carbonised m a large-ecale plant at

any given temperature On one side we have all the heat entering the system,
this being the Bum of the potential heat of the coal, the heat both sensible

and latent of any steam used, and the heat supplied by the combustion of the fuel

burnt in the setting On the other side we have the potential heat in the products

coke, oil, gas and liquor after they have been cooled to the datum temperature,
the heat both sensible and latent of these products as they are removed from the

retorts and which has been mainly abstracted in the condensing and cooling plant,
the heat present in the products of combustion of the fuel burnt as they leave the

setting, and the heat lost from the setting by radiation, conduction and convection

to surrounding bodies.
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If all of these were capable of accurate measurement the two sides of the account

would balance In practice even with the most careful measurements a balancing

figure would be required which would represent the algebraic sum of the errors

made in the separate measurements. While experiments have been attempted
in high temperature practice with an approximation to the degree of elaboration

quoted above, there has as yet been no such work carried out for low temperature

processes.

If again we consider the heat balance sheet for the retorts only, we have on one

side the potential heat of the coal, the heat both sensible and latent of any steam

used and the heat which has passed through the walls of the retort from the heating
chambers. On the other side we have the potential heat in the products of carbonisa-

tion after cooling to datum temperature and the heat both sensible and latent of

these products as they leave the retort

It is often necessary when considering the design or application of any type of

retort to form some opinion as to the amount of heat which it will be necessary
to supply to the setting in the form of fuel burnt On one side of the heat account

for the combustion chambers we have the potential heat supplied to the setting
whilst on the other side we have the heat passing through the retort wall to the

charge, the heat lost in radiation, conduction and convection and the heat both

sensible and latent in the products of combustion as they leave the setting Of

these an estimate of the loss by radiabion, etc
, may be made from analogies with

plant of a similar nature

With regard to the heat which must be passed through the retoit walls to the

charge a consideration of the retort heat balance will show that this can be obtained

by subtracting the sum of the potential heat in the coal and the sensible and latent

heat of any steam coal used from the sum of the potential heat in the products after

cooling to datum temperature and the sensible and latent heat of the products of

carbonisation as they leave the retort

In practice the potential heat in the products is less than that in the coal and
steam charged, and the following examples of the difference as obtained from, two

types of plant arc quoted from experimental work at H M Fuel Research Station

Horizontal Retorts (described on page 220) 5-8 per cent of potential heat in coal.

Vertical Retorts (Technical Paper No. 7, Fuel Research Boaid). 1 3-3-7 per cent

of the sum of potential heat in coal and in steam supplied.
If, then, figures of this magnitude are subtracted from an estimate of the sensible

and latent heat of the products as they leave the retorts an idea can bo obtained of

the heat which must be supplied through the retort wall in order to effect the process.
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supplied with, heat through, the walls of the retort, i.e. the hot flue gases or the

flames from the source of heat do not come in contact with the charge within the

retort. In the case of the internally heated retorts the material to be carbonised

is heated by duect contact, i e by passing the hot gases or other substances into

the retort and bringing them into intimate contact with the charge. The differences

brought about by these alternative methods are so great that it is essential to discuss

them in some detail. Before doing so, however, it will be desirable to consider

some points affecting the size of material employed for piocesses of low temperature
carbonisation.

SIZE OF MATERIAL

Theie in great variation in the sizes of material which inventors have attempted
to use in the different piocesses of low temperature carbonisation put forward by
them The maximum size for certain proposed installations is given as 2^ inches,

but for others only { inch or even less In one process, which at the present time

gives indications of great promise, the most desirable size is given as double or

treble nut, the finer sizes being screened out In most cases, however, especially

when blending is adopted, it is advantageous to have the material crushed, so that

the pieces have a large suiface in pioportion to their volume The weight oi a

given volume of the material is increased by its fine division, the mixing can be

made more intimate, and the resultant coke is improved both in density and

robustness

Many experiments have been earned out at H M Fuel Research Station to

determine the influence of the size of material on the late of its carbonisation in

trays in externally heated retorts, and on the robustness of the resulting coke It

was found that coal crushed and left on a 4-mesh sieve did not give a satisfactory

coherent coke. It could be broken down very readily, and would not be suitable

for transport On the other hand, by leaving the dust and finer particles in the

crushed coal, the resulting coke was much more robust It was found that the

thermal conductivity of the material was also improved. In the experiments on

low temperature carbonisation described in the Report of the Fuel Research Board 1

the standard of fineness was taken to be that of crushed material winch had been

passed .through a disintegrator of the double cage type. Table XXII taken from

that Report gives the typical proportions of particles of various sizes after disin-

tegration in this machine

The best degree of fineness for material to be carbonised in certain types of

continuous vertical retorts is not, however, the same as that for material carbonised

in trays in a horizontal retort Similar experiments to determine the best size of

material for carbonisation at low temperatures in one type of externally heated

1
Report of the Fuel Research Board for the years 1920, 1921 ; Second Section :

" Low Tempera-
ture Carbonisation

"
(H.M. Stationery Office )
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vertical retort, where gravity is relied upon to secure the continuity of the process,

are described in a further Report of the Board. 1 Two retorts were charged with

disintegrated coal and two with uncrushed coal (nut size) The uncrushed coal gave

good results, whereas the disintegrated coal did not apparently move uniformly

down the retort.

TABLE XXII

TYPICAL PEOPOETION or PAETICLES OF VARIOUS SIZES USED IN EXPERIMENTS

AT HM. FUEL EESEARCH STATION

Passing 4 mesh and remaining on 10 mesh sieve . . 24 per cent.

10 ,,
20 27 5,

,, 20 ,, ,, ,, OO ,, 14 ,,

QA AA 7
)> VV )} )J }5 ^V }> ' "

40 50 6

50 60 4

60 100 5
1 AA 1 Q

,, J.W ,, j, jj j, J.IJ ,,

The weight per cubic foot of Dalton Mam coal so treated was 49 Ib

but formed a hard crust, which moved slowly down the walls and allowed partially

carbonised coal to pass more rapidly down the centre. The size of coal successfully

used m the experiments described in this Report was

Amount remaining on 1-mch sieve 20 4 per cent

-i-mch 738

i-inch 895

passing |-inch cieve . 10 5 ,,

It should be noted that, in the vertical retorts used in the Scottish shale mdiifitiy,

the shale is passed through m lumps of fairly definite size In such canes the open-
ness of the material undergoing carbonisation allows the free pLiy of convection

currents, and so facilitates the passing of heat to the interior of the chaige, with

the result that a more uniform distillation is effected It will be seen then that

the results of experiments with coal m vertical retorts at H M Fuel Research Station

are quite in keeping with the long experience of the shale oil mdustiy.

Experiments on the effect of the degree of fineness of coal m high temperature
practice have also been made by Mr T Biddulph Smith 2 Mateiial of the thiee

degrees of fineness given m Table XXIII was carbonised in a coke-oven under

1 Fuel Research Board Tech Paper No 7 "Preliminary experiments in the Low Teniperatuio
Carbonisation of Coal in Vertical Retorts

"
(H M Stationery Office

)
2
Biddulph-Smith, T.

"
Effect of some Physical Conditions during Carbonisation of Coal upon

the Quality of Coke Produced "
Coke Oven Managers' Assn , 19th Apiil, 1922
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similar conditions, and the strength of the resulting coke measured. These readings

show that the gain in the strength of the coke obtained from finely ground material

is very great, although in this case it must be pointed out that the coke, being

made at a high temperature, was for use in a blast-furnace, and not in a domestic

fire-place

TABLE XXIII

STKENGTH OF COKE OP VARYING DEGKEES OP FINENESS (BIDDULPH-SMITH)

No 1 No 2 No 3

Per Cent Per Cent Per Cent.

Between 1 m and } in . Nil Nil 36 5

Between % in. and TV m Nil 37 27

Between TVm and^Vm Nil 518 313
Between 7Vm and Vm Nil 295 29
Between ^Vm - and y'o m. Nil 10-0 18

Underpin. 100 50 05

100 100 100

Crushing stress of the resulting
coke Ib persq m 1003 595 212

The effect of the subdivision of the material on the homogeneity and porosity

of the coke is of great impoitance Reference may be made in this connexion to

the results obtained by SutclifEe and Evans on the briquettmg and carbonisation

of pulverised fuel In the process developed by these inventors finely ground coal

is briquetted cold by subjecting it without any added binder to a pressure of 10 tons

per square inch The coke obtained on caibonibing the briquettes is more dense

than ordmary gas or metallurgical coke, and its homogeneity is remarkably good.

Such a treatment before carbonisation renders it possible to combine the

advantages of hardness and closeness of texture associated with the use of finely

divided material with those advantages more usually associated with the use of

material in the lump form

These do not, however, exhaust the considerations which tend to determine

the size of the material for particular processes The cost of grinding the material

into fine particles is of great importance. Moreover, m certain cases for internally

heated vertical retorts, for example there must not be too large a proportion of
"

fines," otherwise the material tends fco pack m the retort, and mechanical means

may have to bs adopted to secure the continuity of the process. In addition, the

evolved gases cannot pass freely through the retort and tend to form channel ways

through the material, thus preventing the uniform coking of the charge. It must,

however, be counted a disadvantage m connexion with any process if it rejects
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the fine coal, since the working costs are simultaneously increased by the non-

utilisation of a portion of the fuel available.

Whether the retorts are externally or internally heated, the heating effect of

the gases evolved from the material is of some importance in reducing the time

of carbonisation. In vertical retorts part of the carbonisation is effected by the

hot gases from the lower parts passing up through the incoming charge Tins

effect is perhaps more noticeable with those coals which produce large quantities
of gas It is desirable that the material should not be m such a condition that

on carbonisation the gases of distillation are restricted in their freedom in passing

through the material.

A. EXTERNAL HEATING

PROBLEMS OF EXTERNAL HEATING

When the heating is effected externally, the hot flue gases are circulated round
the body of the retort, and the heat is transferred through the walls to the charge
within The retorts used m the gas industry are of this type, and it is probably
on this account that the great majority of the proposed retorts for low temperature
carbonisation are in the same class. It should be added that the minority, the

internally heated type of retort, form a small but important class.

TRANSFERENCE OF HEAT
In the following discussion on the question of transference of heat to the chaige,.

the influence of the thickness and of the material of the retort walls will not be
taken into consideration There is m every externally heated retort a certain

temperature drop between the outside and the inside surfaces of the retort, but
reference will be made to this m a later section It is de&iied at this stage to discus
the heat transference from the inner surface of the retort to the material which IK

being carbonised. In this transference, conduction, convection and ladiation play
important parts.

It is known that coal is a very poor conductor of heat, though it IH difficult to

give precise data for its conductivity or non-conductivity The thermal conduc-
tivity of metals and some other substances can be fairly accurately detoimined,
but that of coal and carbonaceous materials m general cannot be precisely obtained.
The physical characteristics and chemical composition of coals vary considerably ,

and, more important still, chemical and physical changes occur at even lelatively
low temperatures

Apart from these variable features, the coal in practice is biokon into small
pieces before being fed into the retort, and the unknown variations m the inloi-
stitial spaces are a further

difficulty in determining precise data on the rale of
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heat transference through the coal The influence of tightness of packing is well

illustrated by some experiments made by one of the authors on the apparent

conductivity of dag wool contained between two plates of sheet iron. If the wool

were packed solidly, so that its apparent density approached that of the solid slag
of which the filaments of the wool are composed, we should expect the conductivity
to approach that of slag, and therefore to be high. Again, if the space between
the two plates contained no slag wool, there would be fiee play for convection

currents, and the flow of heat from plate to plate would again be high The effect

of the wool (the material of which is an excellent conductor of heat) is to prevent
the free play of convection currents, and so we get little heat passing. Fig 12

200

10 fS 2O
Density Lb.per Cubic Foot,S/3g Wool

FIG 12. EITKCIT OP DENSITY OF SLAa WOOL STEAM-
PIPE COVERING ON HEAT Loss

illustrates the effect of varying the density of packing On the left-hand side of

the diagram the packing is light, and convection currents are insufficiently repressed.
On the right-hand side of the diagram there is little convection, but the heat is

transferred readily by conduction through the material of the wool At the centre

we find a point of minimum apparent conductivity corresponding to a density of

packing of 10 Ib per cu ffc

A similar effect is to be expected, and indeed can be observed, in the case of

coal of varying fineness, but exact figures are not at present available Calculations

on the flow of heat through the coal are accordingly based on works experience
rather than on laboratory experiments. It is found that the time of carbonisation

of a charge is affected not only by the mode of beating, but also by the size of the

material and the thickness of the layer employed.
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In this connexion some experiments are published by Mr. Nielsen1 which illus~

trate the slowness with which heat passes to the interior of a fairly tightly packed

charge. A slab of coke from coal slack, about 3 inches thick, carbonised by being

heated on one side only for about six hours m an externally heated vertical retort

at a temperature of about 600 C., was carefully divided into four sections, parallel

to the retort wall. The percentage of volatile matter in each section was deter-

mined separately, and the results are shown plotted in Fig 13 It will be seen

that the volatile matter varies from 10J per cent near the retoxt wall to about

10%

Retort 1

Wall

L-

Slab Slab Slab Slab

O 20 40 60 60
Thickness in m.m of Coke In Retort
measured from Retort Wall.

Fia 13 PERCENTAGE OF VOLATILE MATTER LEFT IN

Low TEMPERATURE COKE (EXTERNALLY HEATED
RETORT)

13-| per cent at the centre of the charge That is, in a given time the material

near the retort walls is carbonised more than the material at the centre of the

charge. This lack of uniformity in the carbonisation must be attributed mainly
to the slow rate of heat transference across the coal.

A report of the Fuel Research Board 2
recently published gives an account of

some interesting observations of the temperature conditions in a Glover-West

retort in which experiments m carbonisation at low temperatures were being con-

ducted The charge consisted of a mixture of a strongly swelling coal (MitcheU

Main) with a non-swelling coal (Elliatown Mam) in the proportion of 60 per cent

1
Nielsen, Harald "

Producer Gas for Furnace Work "
Engineering, 24tli March, 1922

a Fuel Research Board, Technical Paper No 7
"
Preliminary Experiments m the Low Tempera-

ture Carbonisation of Coal in Vertical Retorta
"

(H.M. Stationery Office
)
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of the former to 40 per cent ol the latter, this mixture having proved to give a

satisfactory coke on carbonisation at 600 C. in the horizontal retorts at H.M. Fuel

22
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FIG 14 DISTRIBUTION OF TEMPERATURE IN No 2 VERTICAL EXTORT
DURING Low TEMPERATURE CARBONISING

Research Station A thermocouple was inserted m a long metal tube extending
down the centre of the charge in the retort, and leadings were taken at pomes
2 feet apart. The graphical representation of the results, given m Fig 14, are
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reproduced from the Eeport by permission of H.M. Stationery Office. The following

conclusions from the graphs are also given in the Eeport

" With no steaming the temperature at the centre of the retort rises very

slowly, while the coal traverses a distance of 12 feet Thereafter it rises mere

rapidly for 5 feet, and then very rapidly at a distance of 16 feet, or 3 to 5 feet

from the base of the retort At the base it finally almost reaches the temperature

of the combustion chamber immediately opposite
" With steaming the rise of temperature is more rapid, an accelerated rise

being obtained at about 10 feet from the top The maximum attained is not so

high by about 100 C. as with no steam, but appears at a level fully 2 feet

higher in the retort.
"
The tendency for the coal to hang up in the retorts for short periods, and

then travel rapidly down for a short distance, causes a good deal of unceilanrly

m such temperature measurements, and it is only by continued poking that

even reasonable results are obtainable
"

TREATMENT OF MATERIAL IN THIN LAYERS

The fact of the slow rate of heat transference through coal is reflected in one

of the primary principles m the designing of externally heated retorts, viz that

the material must be treated m relatively thin layers. There is a certain amount

of experimental justification for assuming that the time required for portions in

the interior of a mass of coal to be heated to a temperature witInn a few degieea
of that of the heating surface varies roughly as the square of the distance horn

that surface of the portion considered. If therefoie the flue temperature IH kept

constant, the time required to carbonise a mass of coal 12 inches thick is four times

that required to carbonise a mass 6 inches thick, and even then the degree of

carbonisation will not be uniform.

The bearing of this on the economics of the process lies m the fact that the

throughput of a retort varies directly as the mass of charge, and inversely an the

time of carbonisation. The throughput of a retort is a very important comrneioial

consideration, and should be a maximum, so long as the products of carbonisation

do not suffer thereby In order to minimise the time of carbonisation theie i

therefore an upper limit of possibly 6 inches, to the desirable thickness of the charge
within a retort, if the heating is to be effected solely by conduction from the outor

surfaces, and if a commercial throughput is to be maintained. Many devices have
been used, such as the subdivided trays of the Fuel Research Board and, as the webs in

the Tozer retort, whereby the mass of material within the retort is biokon by metal,
which allows an increase in the cross-section of the retort without increasing the
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thickness of the mass to be carbonised. These devices will be described in a later

section.

The time for the complete carbonisation of coal depends, however, upon another

equally important factor, viz. the time required to remove the gases and oil vapours
from the charge. It may be surmised, for example, that the time of carbonisation

of non-fusible coal is loss than that of fusible coal With non-fusible material the

evolved vapours may escape freely through the interstitial spaces unless indeed

the charge IB very closely packed but, with fusible materials, the cementation

period delays very considerably the time of carbonisation, since the evolved gases

have to force their way through a viscous envelope In the case of both fusible

and non-fusible coals, the ratio of mass to suiface exposed to heat, has an impor-
tant bearing upon the time required for carbonisation

The
"
time-element

"
for the removal of vapours must therefore be taken into

consideration in determining the thickness of the layers for carbonisation. From
the standpoint of the conduction of heat, it is advantageous for the thickness to

be reduced , from the standpoint of the time required for the completion of the

chemical reactions m the coal, there is no advantage in using very thin layers.

EFFECT OF EADIANT HEAT
This position is strengthened when the effect of radiant heat is also taken into

consideration. It has already been pointed out that under radiant heat carbonisa-

tion is effected so quickly that the surface particles have not time to fuse, and the

resulting coke coneibts of completely detached particles This is not a defect when

the resulting fuel is to be briquetted, or can be used in powder foim ;
but it pro-

hibits the use of the fuel for domestic purposes when the proportion of breeze

must of necessity be small

EFFECTS OF STIRRING

There is a further possible method by which the tune of carbonising may be

ieduced, viz by continuously stirring or moving the material and bringing fresh

surfaces into intimate contact with the hot sides of the retort, or with the heating

gases In the case of fusible and semi-fusible coals, especially if the motion occurs

during the cementation period when the material is in a semi-plastic condition,

this subjects the product to a certain amount of shearing action, and causes all

the lumps of coke to disintegrate The resulting residue is too fine to be service-

able
,

or if not too fine, it is too friable for economic purposes This is a fatal

defect in any system which depends for its success on the sale of the residual coke

as domestic fuel, for, owing to the high price of the binding material and the

absence as yet of a satisfactory smokeless binder, the possibility of post-briquettmg
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must, in general, be seriously discounted from a commercial standpoint. Although,

small fuel is serviceable in a producer, there is a limit to the fineness when thus

employed, on account of the increasing resistance offered by the fuel bed to the

passage of air and steam as the proportion of
"
fines

"
becomes greater

A further notable disadvantage of stirring is that the coke dust mixes with the

oil products, making refining expensive and increasing the working difficulties

through the blocking of the eduction pipes.

It is interesting in this connexion to note that, in the primary retort of the

carbocoal process, the material is continually stirred and moved through the retort

by the revolving paddles. A friable residue is the result, but as the material IB

briquetted with pitch before it is passed through the secondary retort, this technical

disadvantage is nullified

Reference may also be made to the work of Wmmill 1 on the low temperature
distillation of inferior coals The coals tested had an ash content of more than

50 per cent The apparatus used was designed for rapid carbonisation, \\ithout

consideration of the effect upon the residuum The matenal was therefore con-

tinuously and vigorously stirred. This certainly reduced the time of carbonisation,

but also had the effect of reducmg the residue to a fine powder It was found, in

consequence, that the choking of the eduction pipe of the retort was so tiouble-

some that the speed of the sturer had to be very appreciably reduced for optimum
results.

EFFECTS OF INCREASING FLUE TEMPERATURE
The time of carbonisation of the charge may likewise be reduced by incioahing

the temperature of the flue gases Clearly the rise m temperature of the centre

of a charge will increase with the rise m temperatuie of the inner surface of the

retort wall Any increase of the flue temperature over a certiin limit will, howevoi ,

have very serious consequences Either the outer layeis -become oveiheftted, or

the inner core is not sufficiently heated for correct carbonisation to octmi In

either case there is a grave lack of uniformity m the coke residue at any eroib-

section, and the efficacy of the process is considerably diminished

B INTERNAL HEATING

CHARACTERISTICS OF HEAT-SUPPLYING MEDIA
When the heating is effected internally, the heating medium is passed into Iho

retort, and, after giving up its heat to the charge, usually abwsts in canying off

the vapours of distillation When the retort is externally heated, only the vapouin
of distillation need be condensed in order to recover the oil products , but, when

1

JI
m

ft

1S1' T' F '

" TheLowTemPei ature Distillation of Inferior Coal" Journ Soc Clurm Ind.,
, 36j 912
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the retort is internally heated, the heating medium must also in general be passed

through the condensing plant. It is desirable, therefore, that the volume of heating
medium should be a minimum

The medium supplying heat to the charge should possess the following two

characteristics

(1) It should have a high specific heat, so that the requisite quantity of heat

may be supplied with a minimum quantity of heating medium.

(2) It should be inert, so that combustion of the charge does not occur during
carbonisation.

THE USB OF LIQUIDS OE SOLIDS AS A HEATING MEDIUM
Before dismissing the possibility of supplying heat to the charge by means of

liquids, reference may be made to the process recently advocated by Mr J Stanley

Morgan
1 in a paper read before the Noithern Section of the Coke Oven Managers

Association. In this process the powdered charge is immerfied in a bath of molten

lead, which is kept in motion in order to facilitate the heat transfer Tho time

factor of carbonisation is then very small, being of the order of two minutes as

against hours by other processes The whole of the charge is thus uniformly treated,

and the gaseous vapours may be quickly removed The process is, however, likely

bo present mechanical difficulties and is still in the experimental stage The

Oaracnsti retort, which also utilises molten lead as a heating medium, is described

in page 209, but m this case the material is not, strictly speaking, heated internally.

The use of a solid material, such as heated sand, has also been suggested Where
jil and gas production only are required, as in the low temperature distillation of

3ertam shales, the process is not without possibilities , but in the case of coal,

svhere the solid residue is one of the most impoitant assets of the process, the

limculties of separating the sand after distillation precludes the possibility of such

i method proving of commercial utility.

THE USE OF STEAM AS A HEATING MEDIUM

Steam has a high specific heat, but its use as a heating medium without

xtraneous assistance does not at present appear to be very promising, for three

nain reasons .

(1) The practical difficulties in the supply of steam superheated to the degree

necessary for the carbonisation of the charge.

(2) The necessity for provision of cooling plant of sufficient size to absorb the

latent heat of the steam, as well as the sensible heat carried over in the

1 Morgan, J Stanley
" The Lead Bath Process of Low Temperature Carbonisation "

Colliery
uardmn, 13th April, 1923.
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mixture of steam and carbonisation gases Large and costly condensers

would therefore be necessary

(3) The difficulty that, unless the steam could be obtained as waste from

some industrial undertaking, the latent heat would have to be supplied in

addition to the heat necessary for carbonisation

THE USE OF PRODUCES GAS AS A HEATING MEDIUM
A more satisfactory heating medium is stripped coal gas or producer gas. These

gases are inert, or at least contain very slight traces of oxygen, and, after passing

through the condenser, do not have any deleterious effects upon the volatile products
taken from the gases after the distillation of the coal They do, of course, reduce

the calorific value of the resultant gases obtained from the retort For economic

reasons, producer gas is the medium generally employed in practice There is in

general a certain amount of dust carried by the producer gas, and its effect, which

is perhaps not altogether a deleterious one, upon the carboni&mg charge must not

"be overlooked.

DIFFICULTIES IN INTEENAL HEATING
The main difficulty m internal heating is to secure uniform carbonisation of the

charge. In the case of horizontal retorts, this can only be effected by stirring the

charge continuously, or by othei methods, some of which introduce giave practical
difficulties in a plant of a commercial size The effects of stirring the charge during
carbonisation have already been discussed on page 115 and so need not be further

referred to They are sufficiently ob]ectionable, however, to demand careful thought
Tbefore stirrers are used with internal heating

Kotary retorts of the
"
Sensible Heat

"
(Nielsen) type (page 231) are, how-

ever, in a different category In this case the material is in continuous motion an

it progresses through the retorts, but it is impelled by the lorce of gravity and
not directly by mechanical means Theie is therefore no tendency for the pai tides

to disintegrate other than that experienced in any continuous plant In this

particular type of retort it is found in practice that the proportion of
"

fines
"

in

the coke is not great

In the case of a vertical type of retort the inert heating gas may readily be
forced or drawn through the charge It is difficult, however, to diffuse the gas
adequately It tends to pass up fissures through the material, and, taking the
line of least resistance, fails to carbonise the material uniformly The original
Del Monte patent was based on this principle, which was indeed proposed by
Parker as far back as 1890

, and, although extremely satisfactory results could

occasionally be obtained, the lack of uniformity m the residual products was so
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great that this type of retort was eventually scrapped and an externally heated

type adopted. It is doubtful, however, whether the experimental work in these

early days was sufficiently under scientific supervision to form a criterion for future

developments, since the later work of Maclaunn on a somewhat similar retort

holds out great promise Probably this difficulty may be overcome to a great

extent by paying sufficient attention to the adequate sizing of the material

Parr and Olin 1 also give interesting results obtained by this type of heating ,

but, since small-scale plant only was employed by them, the results are not strictly

comparable with those obtained m a plant on a commercial scale

AMOUNT OF GAS REQUIRED FOR INTERNAL HEATING

Owing to the small specific heat of producer gas it is necessary to determine

very carefully whether the amount of gas necessary to carbonise the charge, to

remove the products at then final temperatures and to provide for radiation

losses can economically be obtained We have already seen that m an internally

heated system the heating gases dilute the gases of carbonisation, and it IH there-

fore obvious that if the quantity of heating gas required is very great a point may
be reached where the calonfic value is so reduced as to make the mixed gases of no

commercial value

The work of both Maclaurm and Nielsen has shown that if proper steps bo taken

to reduce ladiation and other losses to a minimum, a gas of commeicial value may be

obtained

The question may best be dealt with by a consideration of the heat balance.

If we take for example the case of a retort of the Nielsen type where the heating

medium consists of hot producer gas made m a separate producer, we have entering

the retort, the potential heat of the coal charged and the heat, potential, sensible

and latent of the pioducer gas used On the other hand, the heat leaving the retort

comprises the potential heat in the products after cooling to the datum temperature,

the heat both sensible and latent m the products as they leave the retort and which

will be abstracted m the cooling arrangements, and the heat lost by radiation, etc.

In order to obtain a gas of the highest possible calorific value it is essential, there-

fore, that the two latter terms should be reduced as far as is possible consistently

with practical working From the data indicated above, it is possible to estimate

the volume of producer gas at any given temperature required per ton of coal carbon-

ised, and so to calculate with sufficient accuracy for the purpose of a preliminary

investigation the degree of dilution to which the rich gas of carbonisation will be

subjected.

1 Parr and Olin "The Coking of Coal at Low Temperature." Bulletin No. CO, University of

Illinois, 1912.
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COMPARISON OF EXTERNAL AND INTERNAL SYSTEMS
OF HEATING

Having outlined the difficulties of each of these systems of heating, their

relative advantages and disadvantages may now be summarised.

Theoretically, internal heating is more advantageous than external heating,
since the heating medium is brought into direct contact with the material to be

carbonised, and the heat transmission is very effective and rapid. It is not necessary
to treat material in thin layers, which, as already pointed out, is a desirable feature

in retorts heated externally. The simple retort thus rendered possible results in

a reduction in the capital cost of plant and in maintenance and labour charges.
A further advantage is to be found in the fact that the passage of the heating
medium through the retort usually assists in carrying off the vapours formed.

Among the disadvantages of uiternal heating may be mentioned

(1) The additional condensing plant required through the mixing of the heating
medium with the gaseous products of distillation.

(2) (a) The possibility of the material not being coked uniformly in a veztical

retort
, (&) the necessity of employing a long horizontal retort in order to

abstract the heat from the heating medium

(3) The difficulty of controlling the temperature gradient through the retort if

producer gas is used as the heating medium
(4) The rich gas ordinarily obtained by low temperature carbonisation is mixed

with the poorer producer gas used as a heating medium, and the calorific

value of the mixture, though higher than that of producei gas, is consider-

ably less than that obtained from an externally heated retort. The extia

quantity of gas may not compensate commercially for its lose of calorific

value, and it usually requires a special market.

The main advantage of heating retorts externally is that this method has been
very extensively employed in ordinary gasworks and shale oil practice, and that
the published data of the experience gamed can be used as a guide in solving some
of the difficult problems of low temperature carbonisation The plant can also be
designed so that the process is under more direct control than in the case of an
internally heated plant.



CHAPTER IX

TECHNICAL PROBLEMS THE EFFECTS OF STEAM AND
GASEOUS PRESSURE ON COALS CARBONISED AT LOW
TEMPERATURES

A. THE EFFECTS OF STEAM

ACTIONS AND REACTIONS OF STEAM AND HEATED CARBON
IT is well known that steam will react, when passed over certain strongly

heated reducing agents. The oxygen m the steam combines with the reducing

agent, the final pioducts of the reaction being formed in definite relative pro-

portions which depend upon the conditions, such as temperature and concentration,,

or percentage volume, of the various gases present, and also upon whether there

is sufficient time for equihbimm to be established When the reducing agent is

carbon, the products of the reaction are hydrogen, carbon monoxide and carbon

dioxide, which will bo mixed with a certain propoition of the steam left undecom-

posed Two primary reactions take place, accoidmg to the tempeiature of the

carbon and the concentration of the gasep, \\lnch may be represented by the

equations
HJJQ + c ^ -^ + CQ (1)

2H 2 H- C ^ 2H 2 + CO, . (2)

In addition to the above pnmaiy leactions, there aic many others taking

place between the vanous pioductu and the caibon and steam, of which perhaps

the most impoitant aie Q , QQ _>_ 2QQ (3\

H 2 + CO"^ Ho + C0 2 (4)

As indicated by the equations, each of the above four reactions is a balanced

leaction, ie one capable of proceeding in cithei of two directions accordmg to

the existing physical conditions

If any of the above reactions took place alone, using definite amounts of the

reacting matenals, the final mixture would adjust itself at any definite temperature

according to the law of mass action, until the reacting materials and products

were present in certain definite proportions, provided bufiicient time were given

to allow equilibrium to be established

In the case of the leaction shown in equation (4), which is known as the water

gas reaction, if we start with definite amounts of the four reacting gases, equili-

brium will be established when the product of the percentages by volume of carbon

monoxide and water is equal to the product of the percentages by volume of

carbon dioxide and hydrogen, multiplied by a constant K.

^ __ Percentage of CO X percentage of H2

Percentage of C0 2 X percentage of H2

121
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The numerical value of K, the equilibrium constant, is a fixed quantity for

each temperature.
1

Experimental values of K for given temperatures are as follows :

Temperature C
_700 JOQ 900 1000 1100 1200

K 055 (f86 125 165 2~HJ 2~56

In any process involving a number of reactions taking place simultaneously,
the final product will obviously depend largely upon the relative speed at which
the equilibrium of the separate reactions tends to establish itself. In the water

gas process the temperature coefficient of reaction (1) is greater than that of

reaction (2) with the result that production by reaction (1) is favoured at high
temperatures. It can also be shown that at temperatures above 600 C the

equilibrium of equation (4) is very rapidly established At temperatures above
1000 C therefore, we find that the effects of (1) and (4) predominate, and those
of (2) and (3) are comparatively small. This also is the case at the lower tempera-
tures if pure carbon is used, but if coke is employed reaction (2) is greatly
accelerated, probably by the presence of catalytic materials, such as iron oxides
in the coke The velocity of reaction (3) is comparatively slow, and its effects

are negligible.

In water gas practice, therefore, reactions (1) and (4) appear to predominate
above 1000 C whilst reactions (2) and (4) predominate at temperatures below
say, 700 C

An examination of (1) and (4), together with the given values of K, show that
the percentage of carbon monoxide is high and that of carbon dioxide low at high
temperatures, whilst the percentage of carbon dioxide is high and that of carbon
monoxide low at low temperatures (700 C

)

It will also be seen that, if a water gas rich in carbon monoxide is reqimed,
an excess of steam is to be avoided, since by equation (4) the steam when in equili-
brium is in inverse ratio to the carbon monoxide

, also excess steam, by lowering
the temperature, reduces the value of K and so again tends to the formation of
excess carbon dioxide

PRODUCTION OF WATER GAS AND POWER GAS
In practice water gas is formed by passing the steam through a deep incan-

descent fuel bed in a producer. A certain amount of carbon dioxide is formed in

1 The^tl

e

n
^

etw en K, the heat of reaction and the temperature is defined by the Van 'tHoff

equation
d ^

=__ m wKich Q is the (positive) heat of reaction at the absolute temperature T
calonea) ' For fether detaas the reader - referred
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the lower part of the bed, m addition to the caibon monoxide represented by

equation (2), according to the equation :

2H 2 + C = C0 2 + 2H a . . (5)

This carbon dioxide is subsequently reduced to carbon monoxide while passing

through the upper part of the fuel bed, according to the equation .

C0 2 +C = 2CO . . (6)

Apart therefore from the impurities m the water gas due to the fact that the

fuel used may only contain 90 per cent or less carbon, it is to be expected that

circumstances will arise in practice when the whole of the carbon dioxide is not

reduced to carbon monoxide There is always therefore a certain amount of carbon

dioxide and other inerte in the resulting gases

The other factors to be taken into consideration are

(a) The reactions (1), (2) and (3) are endothermic in chaiacter, and

(6) They do not occur if the temperature of the caibon falls below a certain

minimum In the case of reaction (2), that is in the formation of carbon

dioxide, the minimum tempeiaturo is about 600 C In the formation of

caibon monoxide, a slightly higher tempeiature is necessary Unless

therefore heat is supplied to keep the tempeiature of the fuel above the

minimum given, these reactions do not occur

Water gas producers are generally worked upon an intermittent system, that

is, the gas making peiiod, termed the
"
iim

"
during which the temperature of the

fuel falls considerably, is followed by a period of heat recuperation, technically

known as the
"
blow

"
During the

"
blow," the steam is replaced by a blast of

air, the oxygen of which combines with the carbon, mainly to form carbon dioxide.

This is an exothermic reaction, and by the continuance of the
"
blow

"
for a certain

period the temperature of the luel and the surrounding brickwork is increased

preparatory to the gas-making period again commencing

Alternatively a power gas, though not water gas, may be produced by passing

steam and air (or oxygen) continuously through a producer When correct pro-

portions of steam and air are admitted, the endothermicity of one set of reactions

may be balanced by the exothermicity of the other, and the temperature of the

fuel thus kept constant While it is not necessary to discuss further the production

of water gas or of power gas in producers, the above digression is perhaps permissible

in leading to a clear comprehension of the effects on the charge in low temperature
carbonisation when, as is sometimes done, steam in limited quantities is fed to the

discharge mechanism in order to keep the metal parts cool and to prevent the

escape of gas during the period when the retort doors are open.
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ADVANTAGES OF STEAMING FOR HIGH TEMPERATURE
CARBONISATION

The advantages of steaming for high temperature carbonisation are unquestion-
able. The work of the Fuel Research Board 1 and that of the Gas Investigation

Committee of the Institution of Gas Engineers,
2 show that increased theims in

the form of gas, and increased quantities of tar and ammomacal liquor are to be

obtained by this method, although the quantity of coke is reduced. Sir George

Beilby, from his long experience in steaming charges of shale in the Scottish shale

oil industry, as well as from results obtained at H.M Fuel Research Station, IB

of the opinion that high temperature vertical retorts should never be worked with

less than 5 per cent of steam, and this percentage has in fact been adopted as the

datum line for all future experiments m this connexion at H M Fuel Research

Station.

One factor of great interest in the results obtained at H M Fuel Research Slal/ion

which should be mentioned at this stage is that, in all the coals tested, r.n increase1d

yield of therms in the gas was obtained at a decreased expendituie of heat, with

the use of 3 per cent of steam as compared with the yield obtained when no f>team

is supplied. The explanation lies in the fact that heat is abstracted from the hot

coke at the bottom of the retort owing to the action of the steam which is convcited

into water gas. There is usually no necessity for quenching the coke, which leaves

the retort at a much lower temperature when a small amount of steam IB ur.ed

than when there is no steaming

EFFECTS OF STEAMING IN LOW TEMPERATURE PROCESSES

The advantages of steaming for low temperature carbonisation are, however,
more problematical. If the temperature of the charge docs not exceed 600 C.

the decomposition of steam by caibon is practically negligible In any case, the
formation of carbon dioxide rather than carbon monoxide, IB favomed, and thiiH

the calorific value of the gas is reduced Any beneficial action of the steam IB

probably either physical or mechanical rather than chemical The contmuoun
or occasional admission of steam near the coke exit of the retort cools the coke

prior to its removal, and thus tends to increase the efficiency of the process. It

also protects the material of the retort by reducing the tempei attire at the coke exit
where otherwise the heat would often be greatest. A furthei advantage of steaming
is that the heat energy absorbed by the steam in its earlier path through the retoi fc

is diffused at a later stage, and the eteam may therefore be said to assist in conveying
Fuel Research Boaid Report for years 1920, 1921 , Fust Section

"
Steaming in Vortical Qaa

Retorts (H M Stationery Office )
2 Institution of Gas Engineers Fourth Report of the Gas Investigation Committee, 1920
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heat uniformly to the charge and m securing a more satisfactory heat gradient

through the retort than would otherwise be obtained Finally, the passage of

steam through the charge assists in sweeping away the vapours of carbonisation

as they are formed. If coal contains little moisture the ammonia escapes condensa-

tion and a scrubber is necessary. If steam, is present the ammonia is more

completely condensed without scrubbing In using a scrubber the liquor would

be too weak to be of any value

When the carbonising temperature is in the neighbourhood of 700-750 C.

chemical reactions do probably exert some influence on the resulting products of

carbonisation, partly in a slight increase in the gas yield, and partly in a slight

increase in the amount of ammonia recovered The increase in the ammonia yield

at high temperatures duo to steaming is well known, and at lower temperatures

there is also a slight advantage in steaming The amount of ammonia yield in

low temperature work is, however, so small even with steaming, that it is probably

only in plants with a large throughput that steaming may be said to be advan-

tageous in this respect

It is also well known in the shale industry that steaming has the effect of

preserving the primary products of distillation at low temperatures, and this factor

is also of importance in low temperature caibomsmg processes

ADVANTAGES AND DISADVANTAGES OE STEAMING

To bummariBe, the advantages of using a small amount of steam m low

temperature woik nuy be said to be

(1) Steaming assists m distributing the heat unilorrnly through the charge

(2) Steaming increases slightly the yield of gas, but only at the higher tempera-

tures of carbonisation

(3) Steaming facilitates the recovery of ammonia, also at the higher tempera-
tures of carbonisation.

(4) Steaming assists m removing the gaseous products of distillation

(5) Steaming increases slightly the efficiency of the process by cooling the coke

before its withdrawal from the retort

On the other hand, the disadvantages of steaming are

(1) The cost of the stoam and the extra cost of maintenance and manipulation,
i e power, extra fittings, supervision, etc

(2) Complete loss of latent heat of steam in the condensing processes.
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OTHER PRACTICAL CONSIDERATIONS

It should be pointed out that the design of retort has an important bearing
on deciding whether steaming should or should not "be adopted Quite apart from

the question whether or not steaming is beneficial, horizontal retorts do not in

general allow the steam to be brought into that intimate contact with a mass of

incandescent coke which is desirable for the full effects of steaming to be realised.

In the case of the Chiswick retort for example (page 199), the introduction of steam

for uniform reaction upon the whole of the coke residue is hardly feasible. Steaming

may more effectively be employed in vertical retorts, but even then in particular

cases the beneficial effects of steaming could not be fully realised. It appears
therefore upon close examination, that local considerations will mainly affect the

decision as to whether or not it is desirable to use a small quantity of steam in

any particular plant.

B. THE EFFECTS OF GASEOUS PRESSURE

EFFECTS OE VERY LOW PRESSURES

The effects of the extreme limits of pressure, either very low or very high, on

coal during carbonisation seem to be marked The earliest record of the effects

of very low pressures appears to be in the Patent Office records for 1905 In tins

yearW S. Simpson obtained a patent on the claim that sulphur and other impurities

are removed from coke by creatmg a vacuum in the vessel containing the coke

in a highly heated state In 1906 he obtained another patent on the claim that,

when carbonaceous materials are heated in a practically complete vacuum, a

superior quality of charcoal is produced and impurities removed Use has been

made of low pressure in at least one process of low temperature carbonisation put

forward, viz. the Tozer retort. (See page 197 )

Unfortunately few results of experimental investigation on the effects of

very low pressures have been published , Taylor and Porter 1 have found that

a bituminous coal which yielded a light friable coke when slowly heated at

atmospheric pressure yielded a dense coke when heated at a pressure of less than

30 m m. A probable explanation of this phenomenon is that the gas is rapidly
removed when formed, and therefore there is not time for the development of a

large bubble structure.

1
Taylor and Porter

" The Primary Volatile Products of the Carbonisation of Coal " Tech Paper
140, Amer Bureau of Mines
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PRACTICAL ASPECTS OF A VACUUM SYSTEM OF CARBONISATION

There are, however, other advantages of a vacuum system which are less

niestionable. These may be thus briefly summarised

(1) The removal of the gaseous vapours is facilitated, and any heavy tars formed

need not condense within the retort to the same extent as in other processes.

(2) The removal of air in the retort, particularly in an intermittent process,
reduces the likelihood of the oxidation of the products of carbonisation.

(3) The reduction of the pressure within the retort may possibly increase the

virtual temperature of carbonisation by the reduction of the boiling points
of the volatile substances once their temperature of formation is reached.

Hence the same results are possibly obtained by a vacuum process with a

flue temperature lower than that of an atmospheric process, cctens panbus

It must be said, however, that the above advantages are likely to be theoretical

ather than practical, and claims for increased gas or oil yields by vacuum piocesses
tave not been fully substantiated On the other hand, the disadvantages of working
in a commercial scale with a high vacuum are important These may be thus

ummansed

(1) Gieater capital cost of plant

(2) Increased operating costs, due to the extra pumps, etc.

(3) Increased difficulties in maintaining air-tight joints, some of which must
be frequently bioken and re-made

, as, for example, at the inlet and outlet

of the charge

(4) Danger of an -leakage inwards, with the consequent dilution of the rich

low temperature gas and possibly the attendant risk of accidental explosions.

It would appear therefore that the only substantial commercial advantage
if a vacuum process consists in certain cases in the production of a dense coke and
, tar which has suffered the minimum amount of cracking within the retort As
his advantage may be secured by other and perhaps simpler methods, it is not

urprising that the development of a vacuum system for a commercial process
f low temperature carbonisation appears to be a somewhat remote contingency

EFFECTS OF HIGH PRESSURE
It has been known for some time that the distillation of petroleum under

reesure serves to break down or
"
crack

"
the high-boiling fractions, and so may

icrease the value of the products Nearly thirty years ago Dewar and Redwood
^tented a process based on this principle, though commercial use was not made
f the patent. On account of the increasing demand for gasoline for the automobile
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industry, and the desirability of obtaining substantial yields of low-boiling fractions

in the distillation of petroleum, the problem was taken up by Burton in America

about 1910. Burton's first experiments were in the direction of superheating the

high-boiling petroleum residues at atmospheric pressures. It was found, however,
that

"
cracking

"
by this method turned the aliphatic hydrocarbons into aromatic

bodies and fixed gases ;
that is, the general molecular structure of the original

material was altered The use of reagents and catalysers was fairly successful, but

involved a substantial loss of oil in the process, and was, moreover, costly. Eventu-

ally a process of distillation under a pressure of about five atmospheres was evolved

in the laboratory, which on being worked on a commercial scale gave good results,

and the pressure-still industry is now firmly established.

There are, however, limits to the Burton process and its modifications. Cracking

processes are not uniformly successful with heavy oils and with those containing

high percentages of asphalt In these cases there is a tendency for hydiogen to

separate and to leave a deposit of carbon. The deposition of carbon is not only
troublesome mechanically, but involves a serious reduction m the efficiency of the

process.

The deposition of carbon may be reduced by the introduction of hydiogen
into the process, and Bergras claims that, by a cracking process at high temperatures
and high pressures m the presence of hydrogen, there is a reduction in the carbon

deposit without having recourse to catalysts. The pressures used by Bergms are,

however, so great as to preclude any immediate application of his system for the

hydrogenation oi oil and coal to the problems of low temperature carbonisation.

PRACTICAL ASPECTS OF A HIGH PEESSURE SYSTEM
OF CARBONISATION

The most interesting development of the work of Borgms in connexion with the

carbonisation of coal is in the liquefaction of coal by the method which has already
been described (page 47) It is stated that the technical difficulties of the process
have been largely overcome, and that a plant on a semi-works scale is now m
operation at Mannheim for the conversion of bituminous coal into light oils Granting
that the work has been successful from the laboratory standpomt, and that suitable

precautions can be taken to minimise the serious risks of explosions and fires, it

would appear that the capital cost of the plant must necessarily be high, and the

working costs, including the cost of the hydrogen, are likely to be excessive. This

process, although of intense scientific interest, can therefore scarcely be of great
industrial importance until it has been suitably developed to meet the economic
conditions of the day
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PRESSURES ADOPTED IN PRACTICE

In practice the withdrawal of the gas and oil vapours is generally secured by

ceepmg the retort under a pressure which is slightly below atmospheric. The extent

o which it is desirable to reduce the pressure below the atmospheric pressure depends

rery largely upon the number and type of joints on bho plant which must be kept

,ir-tight, and also upon the material used for the retort With the exception of

he two processes to which reference has already been made, it is found that plants

ire usually arranged to work under a paitial vacuum which does not greatly

xceed 2 inches of water pressure.



CHAPTER X

OTHER TECHNICAL PROBLEMS

INTRODUCTORY

HAVING now dealt with some of the broad general principles which affect the

design or selection of a plant for low temperature carbonisation, it is desirable to

consider shortly some other features of the process. Many of these have already

been referred to in the more general discussions . The various points for consideration

m a sub]ect such as the present are so interrelated as to make it difficult to take

them singly without a certain amount of duplication and overlapping in the various

sections. The advantages of this method of treatment are, however, very great,

and the present chapter will be devoted to a sectionalised treatment of the following

points, some of which have already appeared as side issues in the discussion of wider

aspects of the problem, viz

(a) The effect of the change of volume of the charge.

(6) The withdrawal of the oil vapours.

(c) The control of the temperature of the charge.

(d) The conservation of heat.

(e) Simplicity of the construction and operation of the retort.

(/) The reduction of capital, maintenance and labour costs.

SWELLING AND NON-SWELLING COALS

Amongst other classifications we have seen that, for the purposes of low tem-

perature carbonisation, coal may be divided into two groups, according to the

relative volumes of the original coal and the resulting coke, after carbonisation at

low temperatures. In the first group may be placed the so-called
"
swelling

"
or

"
expanding

"
coals, the volume of the jesultrng coke being greater than that

of the original coal The second group consists of the non-swelling coals, in which

the volume of the resulting coke is equal to or smaller than that of the original coal.

It should be noted that, although these groups are sometimes termed
"
expand-

ing
" and "

non-expanding," these descriptions are somewhat unsatisfactory, as

they may leave the wrong impression that the actual coke substance is of dillerent

densities m the two cases. The coke substances seem to have m fact equal densities,

and the apparent
"
swelling

"
or

"
expansion

"
is due to differences of structure.

It is not necessary, at this stage, to enlarge upon the point, and enter upon a lull

discussion of coke structure and the theories of coking, a study which will bo better

treated in a separate chapter. It may, however, be desirable in passing to refer to the

microscopical work of Sir George Beilby, who showed that the cell structure of coke
is due to the evolution of gas bubbles from the fused or partially fused coal

substances. The first stage in the structure is the formation of foam, m which

130
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each bubble is a self-contained cell. Eventually mutual perforation of the bubbles
occurs at the points of contact, and through tlie holes thus formed the gases

ultimately escape to the exterior of the sponge-like mass.

SWELLING COALS

When coking coals are heated, they contract a little at first, but swell on further

heating At a still higher temperature, however, they undergo a secondary con-

traction which is characteristic of coking proper. The initial contraction is possibly
due to the melting of certain material which occurs at a temperature of

350 C -450 C according to the constituents in the coal If the temperature of

the coal is uniform throughout the mass, the whole charge is fused together When
more heat is applied gas is given off, forming bubbles which increase the volume
of the substance by an amount greater than the original contraction. As the

temperature is further increased and the volatile products are driven oil, the

secondary contraction occuis

It is well known, however, that the swelling of coals at the lower temperatures
of carbonisation causes difficulties in the withdrawal of the coke made at those

temperatures When the swelling IB restricted, a dense coke suitable lor use as a
domestic fuel is the outcome. The swelling may, however, be so much greater than
the initial contraction that a considerable pressure is exerted by the coke on the

walls of the retort The charge may thus be held up at the time of discharge.
This difficulty has been experienced from the earliest times in the history of low

temperature carbonisation, and constitutes a factor which must be recognised in

the design of any type of retort or in the development of any particular process. It

may bo overcome by mechanical means, as, for example, in the collapsible moulds
of Richards and Pringle,

1 or in the collapsible centre plates of the Low Temperature
Carbonisation Company's retort at Bctrnsloy. The fact that these devices were

adopted after experiments had been conducted on simpler types of retorting

arrangements is in itself a sufficient indication that the problem demands attention

in any full-scale plant. The more recent work on thus question of obtaining a dense

coke indicates, however, that a solution may be obtained in a simpler manner

by physical or chemical rather than by mechanical means. la considering any
mechanical device for reducing the difficulties due to the swelling of the charge, it

should be borne in mind that labour costs must be reduced to the minimum.

NON-SWELLING COALS

In the case of the non-swelling coals and such carbonaceous materials as shale,

cannel, etc., the coke residue is usually non-coherent and friable, and the problem
* Biohards and Pringle. Pat. Spec. 27828 (1909).
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of tlie carbonisation of the material is considerably simplified. It may be stated as

axiomatic, indeed, that a plant which does not function for non-swelling coals will

be useless for swelling coals. The special problems of the non-swelling coals need
not therefore be discussed in this section.

VPRELIMINARY TREATMENT OF SWELLING COALS

It has already been indicated that a solution of one of the difficulties m the

carbonisation of swelling coal lies in the stopping of the swelling by other than

mechanical means. Three methods, involving a preliminary treatment of the coal,

have been suggested, viz.

(1) Blending caking with non-caking coal.

(2) Blending coal with coke breeze.

(3) A preliminary heat treatment of the coal

Aspects of these will be dealt with in the succeeding paragraphs, but a fullei

examination will be made in Chapter XI.

THE BLENDING OF COAL

It has been found that the blending of coal, i e the intimate mixing of fusible

'and less fusible coal, is a ready method of checking excessive foaming duung
carbonisation, and of ensuring that the resulting coke occupies a smaller volume
than the origmal coal By arranging for the shrinkage of coal instead of relying

upon the confinement of coal in a restricted space during carbonisation, one ot

the most serious difficulties in the carbonisation of fusible coals is removed It is

interesting to note, however, that the proposal of blending coal is of by no means
recent origin. The idea seems to have been first covered by Cruickshanks in a

patent granted in 1841.

At an early stage in the work at East Greenwich the Fuel Research Board
utilised the method of blending swelling and non-swelling coals in order to produce
a dense coke which could be discharged with facility.

Roberts 1 obviated the swelling of coal by utilising the excess binder to bind
inert material, say coke breeze The presence of any appreciable quantity of

coke breeze, however, reduces the amount of virgin coal carbonised per charge,
and therefore reduces also the real throughput of the retort.

In the case of the Barnsley plant, the charge admitted to the retort is a mixtuie
of coking and non-coking coals in the proportion of about 30 70. The use of

non-coking coal has not the disadvantage of coke mentioned above, though the

1
Roberts, J "The Carbonisation of Coal at Low Temperature." Pioc. N. of Eng Inst of

Min. and Mech Eng , Aug 6th, 1921
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expense of obtaining the necessary supplies of coal for blending, and the further

trouble and expense of adequately mixing the coals, have to be faced when con-

sidering the commercial possibilities of the method

PEBSENT POSITION REGARDING BLENDING

The following quotation from the previously mentioned Report
1

may be given
as representing the position at the present time regarding blending

" We have already referred to the fundamental importance of sccuimg the

volatile products, gas and oil, in maximum quantity and of the best quality

if low tempeiatuie carbonisation is ever to be carried out on a really largo

industrial scale ThiB need not be taken as implying that the mixture of coke

with coal before carbonisation is in no case deniable, but only that the use of

this method must be carefully sciutimscd before it is adopted in any paiticular

case m which its economic advantages may possibly outweigh its disadvantages.

That there aio cases of this kind no expert in carbonisation could deny
" We are well aware of the piactical and economic difficulties which are

involved in any general adoption of
'

coal blending
' m place of the present

ciudc methods of using so heterogeneous a material as coal as when it is mined.

We believe, however, that it will be increasingly recognised that the advantages
of insuring homogeneity and uniformity in any form of solid fuel (thereby

laismg the availability of its potential heat value to a much higher degree) are

so great that these difficulties will ultimately be laced and overcome."

Several other methods have been suggested from time to time for modifying the

properties of swelling coals by preliminary treatment. It is well known, for instance,

that, if certain types of coal arc subjected to oxidation, their coking power maybe
considerably modified, and indeed completely destroyed In a discussion on the

spontaneous combustion of coal, Bone 2 describes some experiments on the absorption

of oxygen by a Dmham coking coal, and a Barnsley
" hard steam

"
coal of almost

the same ultimate composition In these experiments oxygen dried over calcium

chloride was circulated continuously over a weighed sample of ground coal pre-

viously dried in vacuo over sulphuric acid. The experiments continued over three

to four weeks at a mean temperature of 108 C. In both cases the two oxides of

carbon were continuously produced and oxygen was absorbed, although action was

1 Fuel Research Board Report for Years 1920, 1921, Second Section- "Low Temperature
Carbonisation." (H M Stationeiy Office )

2
Bone, W. A. . Goal and its Scientific Uses Chap. IX (Longmans, Green & Co. )
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more marked in. the case of the Bamsley coal. Bone points out that the
"
coking

properties of each coal were completely destroyed by the treatment to which it had

been subjected."

Roberts 1 describes experiments on Silkstone coal ground to 30 mesh and heated

at temperatures up to 110 C. for a considerable period in an air oven, in which he

was able to produce a material which on subsequent coking under low temperature
conditions yielded a good low temperature coke, although the original coal was of

the type which could be classed as strongly swelling

As far as can be seen at present, however, the method of oxidation does not

seem likely to be of commercial application, owing to the time required for the

preliminary treatment and the difficulty likely to be experienced in controlling the

amount of oxidation. Again, the method is only applicable to coals which possess

an excess of binding constituents The quantity of such coals available is limited,

and from the broadest point of view it would appear more desirable to utilise the

excess binder to produce good quality coke from materials which, while yielding

considerable quantities of oils and gas, are deficient in binder, and so do not by
themselves produce smokeless fuel

Reference has already been made in Chapter V to the work of Dr Illuigworth,

who has succeeded, by means of a small scale plant, in producing hard low tempera-
ture coke by submitting coals otherwise unsuitable for low temperature carbonisa-

tion in their raw state to a preliminary heat treatment. Illuigworth,
2
adopting the

Seyler classification, states that coke structure is formed in stages by reason of the

successive decomposition of the several types of
"
gamma compound," or cementing

ingredient, and that the carbonaceous coals are one-stage coals. The meta-bitu-

mmous coals are also one-stage coals, but tend to become two-stage coals as the

C/H ratio decreases The ortho-bituminous coals are definitely two-stage coals,

tending to become three-stage coals with decrease in C/H ratio, while the para-
bitummous and bgnitous coals are three- and four-stage coals respectively

Illingworth also points out that, where a low gradient of temperatuie is employed,
as in the subject under consideration, the stages in the process aie well marked If

the mass be very plastic over the period of the earlier stages, the products evolved

during these stages will pass away freely, and so will have little effect in causing the

charge to swell. If the mass is very viscous, these products are trapped and tend to

cause swelling

Illingworth states that "plasticity is determined by the amount of gamma
compound present," and terms the temperature at which the

"
gamma content

"

is finally decomposed
"
the critical temperature." If the critical temperature is

1 Roberta, J "Economic Aspects of Low Temperature Carbonisation." Proc S Wales Insf.

Eng., 1922.
8
nimgworth, S R "Low Temperature Carbonisation of Coal "

Proc 8 Wales Inst. Eng , 1922.
Illingworth, S. B. "

Researches on the Constitution of Coal." The Colhery Guardian Co Ltd
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ow, and the
"
gamma content

"
is also low, the swelling of the coal is small, and

inch coals give good low temperature coke.

In the cases of two- or three-stage coals which contain binding material which

lecomposes over a wide range ot temperature, Ilhngworth eliminates the less stable

jonstituents by suitable heat treatment, so that the more stable only aie operative
n the subsequent carbonisation. Such coals are thereby converted to one-stage

;oals, with the result that they then produce robust types of low temperature
.oke. Ilhngworth has also found that the less stable constituents have very
nferior powers of agglutination, and that in eliminating such Irom the coal the

5okmg qualities are not seriously unpaired He also considers that the preheating
)f coal under suitable conditions produces a much better fuel in all cases, even
rom blends of coking and non-coking coal.

The method of preparation of a single coal by pre-heat treatment of course

ihares the disadvantage of processes which destroy some of the binding material

n an attempt to obviate excessive foaming, but ofEers an alternative method of

Dieparation in cases where a supply of non-coking coal is not icadily obtainable.

THE WITHDKAWAL OF THE OIL VAPOURS

The early withdiawal of the oil vapouis fiom the ictort aCler their formation

s desuable foi both physical and chemical reasons. Fiorn the physical standpoint
he early withdrawal of the hydrocarbon gases means the saving of a certain

Amount of heat Any heat supplied over the minimum necessary to form the

/apours and gases is wasted, since the gases are in geneial condensed and cooled

>cfoie being further utilised A low final temperature of the evolved gases there-

ore not only throws less work on the condensing plant, but also assists in increasing
he efficiency of the heating arrangements and in decreasing the time of carbomsa-

lon

From the chemical standpoint the gases and vapours should not be subjected
or long periods to radiant heat, and it is desirable to prevent them from coming
nto contact with the hot walls of the retort, or from passing for any appreciable
Lietanco through the hot charge, in order to avoid undue

"
cracking

" and decom-
>OBition of the gases and oil vapours It is well known that the volatile products
if one temperature aie readily decomposed at a higher temperature. This may
>e sometimes desirable in gas-works practice, when gas of the declared calorific

ralue is the main product, and is sometimes indeed, deliberately done in order to
c

crack
"

the higher hydrocarbons into the lower with the deposition also of free

arbon In the case of low temperature carbonisation, it is necessary to reduce the

rce space above the charge to a minimum m order that the oil vapours will be

rcthdrawn from the retort as speedily and uniformly as possible after their formation.
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Oil vapours can, in general, be withdrawn from stationary horizontal retorts

sooner after formation titan from rotatmg and vertical retorts. If the material is

progressively advanced through a horizontal non-rotating retort, eduction pipes
can l)e conveniently placed for the withdrawal of gases. It is true that a fractional

distillation occurs in a continuous vertical high temperature retort since, with an

open charge, the products of carbonisation have to pass through no higher tem-

perature than that at which they are evolved. It is, however, important to

differentiate between the behaviour of the condensible and the non-condensible

gases during this process. The non-condensible gases are probably not affected,

but the condensible gases, passing upwards through the cool portion of the retort,

will be subjected to a complex series of condensations and re-evaporations which
cannot be beneficial to the lighter fractions of the oil vapours. On the other hand,

by having the eduction pipes suitably located, the condensible and non-condensible

vapours can, in the case of a horizontal retort, be withdrawn into a condensing
chamber at practically the same temperature at which they are formed, and with

a minimum of condensation within the retort It is quite certain that the frac-

tional distillation of the continuous vertical high temperature retort does not in

practice give the same quantity or quality of oil yield which may be obtained by
low temperature carbonisation

Although eduction pipes can be more suitably placed on horizontal than on

vertical retorts, the fractional condensation of the oil vapours should not be

attempted It has been demonstrated again and again that it is not possible to

condense the oil vapours fractionally with any degree of commercial success

THE CONTROL OF THE TEMPERATURE OF THE CHARGE

Sufficient has already been said about the carbonisation of coal to indicate the

desirability in low temperature work of keeping the temperature of the charge
below an upper limit It is as desirable also to prevent local overheating, or mdocd
local underheating The use of a very high flue temperature in an externally
heated retort m order to reduce the time of carbonisation of the charge would
demand a very careful contiol over the process which could probably not be realised

m practice

It would appear that temperature control is likely to be exercised bettor in a

continuous than in an intermittent process. In a continuous process not only
should the temperature of the heating medium be under control, but also its volume ,

or in other words, arrangements should be made so that the quantity of heat avail-

able for carbonising purposes can be adjusted from time to time to allow for varia-

tions in the quantity and physical characteristics of the throughput. The compactness
of a retort is a further feature which facilitates a good control over the temperature.
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No attempts have yet been made on a full-scale plant to vary tlie heat supply
to a charge during different phases of its carbonisation The effects of slow and of

rapid heating of coal at various temperatures have already been discussed (page

96), but BO far the beneficial effects of slow heating up to 200 C. and of

rapid heating after 400 C. have not been utilised on any practical scale. Un-

doubtedly there are difficulties m carrying out a suggestion of this sort, but these

difficulties do not appear to bo insuperable m certain designs of retort which have

already been suggested.
It should be pointed out that variations m the heating temperature are less

likely to occur in fire-brick than in metal retoits, because of the quantity of heat

stored m the larger bulk of the former type of rctoit. This advantage is more than

offset, however, by the greater liability of the brick retort to develop leaks.

THE CONSERVATION OF HEAT

Heating losses by radiation and convection, and in the flue gases and the

discharged coke should be reduced to a minimum If it is absolutely essential to

utilise the non-condcnsible gases to heat the retoit, particular attention should be

paid to the location and design of the burners In many of the processes for low

temperature caibomsation which have been tried, particulaily in retoits of the

horizontal type, this seems to be a very common source of weakness.

From the standpoint of heat conseivation it would appear that a continuous

process is likely to be more successful than one of an intermittent nature In the

latter the retort is cooled each time a fresh charge is put in, and the temperature
difference between the flue gases and the carbonising material IB different at

different periods of the treatment The late of heat flow towards the end of the

treatment is therefore very small On the other hand, each part of a retort in a

continuous process remains at the same temperature, and the retort may therefore

be designed so that the exit temperature of the flue gases is continuously at a

minimum Incidentally the life of a retort woiking under steady conditions is

likely to be longer than that of one working under intermittent conditions.

SIMPLICITY OF THE CONSTRUCTION AND OPERATION OF THE RETORT
To reduce liability to break down and the consequent maintenance costs, the

machinery must be simple and as
"
fool-proof

"
as possible In particular there

should be a minimum of working parts, such as lamclde-joints, etc., exposed to

high temperatures. Provision should be made for the expansion and contraction

of the retort under varying temperatures. The plant should be capable of con-

tinuous operation for lengthy periods, and not require frequent attention for small

repairs. It is desirable that control of temperature should be possible at various
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parts of tlie retort, and local overheating of the material should be carefully guarded

against The retort should be air-tight as the presence of air not only destroys

the coke but dilutes the gases and spoils the oil products. Leakage outwards

increases the difficulty of controlling the temperature owing to the presence of an

uncertain amount of combustible gases in the flues. The plant should require a

minimum consumption of heat, power and water.

THE REDUCTION OF CAPITAL, MAINTENANCE AND LABOUR COSTS

In order to increase the financial rate of return on a plant of given size, it is

obviously necessary that the capital expenditure and maintenance costs must be

low, and that the throughput must be increased to a maximum
Low capital and maintenance costs depend very largely upon the materials

employed in construction and upon the general design of the retort A plant
which is bulky for the throughput attainable has less chance of commercial success

than one of small size Much of the by-product recovery plant is common to all

processes and is now largely standardised, hence the costs of any proposed process

may be appraised in terms of the costs of the retorting plant. Considerations

affecting these will be discussed later.

The question of the best throughput for a given size of retort is one which is

not easily decided Experimental evidence is required to determine the best rate

of rise of temperature of the carbonising mass. Speed is of decided importance in

increasing the throughput, but throughput may be bought dearly if the material

is only partially carbonised, while the effect of
"
stewing

"
at the maximum

temperature on a commercial scale may have the result of decreasing the quality
and quantity of the oil yield The published data of gasworks experience, and

the procedure in connexion with the shale oil industry of Scotland, arc of great

value, but this information must be modified to suit the different conditions of

working for low temperature carbonisation, and further data from a commeicial

plant are required.

The size of a unit retort has also an important bearing upon the capital cost

The lower the throughput per unit retort, the larger must be the number of rotor In

for a given total daily throughput There are certain advantages to bo derived

from having a large number of units, e g a stoppage in one retort for repairs or

cleaning need not appreciably affect the working of the plant, etc
,
but there aie

also serious disadvantages such as the occupying of more ground space, more com-

plications in charging and emptying, etc
,
all of which tend to increase the capital

and maintenance costs. In developing a new process it is essential for the large-
scale trial to be made on a unit plant of such a size as can be readily duplicated
to form an economical battery should success be achieved. If, in order to reduce
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the initial cost, work is done on a unit plant of appreciably less size than will be

necessary in the full-scale plant, the results cannot be directly applied, owing to

the differences introduced by the scale effect. It would appear that the throughput
of a unit retort, built to try out a process, should bear such a relationship to the

total throughput which IB eventually to be caibomsed that its multiplication into

batteries would not render excessive the total number of retorts in any one bench.

The magnitude of the throughput of a plant has also an important bearing

upon the maintenance costs. As the overhead charges remain nearly constant

for all throughputs, it follows that the cost of retorting per ton is less for large

throughputs than for small

Labour costs must also be low The working operations should bo simple, and
the plant should require the minimum of attention after the final adjustments
have been made. The process should preferably be continuous in action, so that

labour-saving devices for charging and emptying the retorts can be easily employed
In installing labour-saving machinery, due regard must, of course, bo paid to its

capital and maintenance costs A fuller discussion of the economics of the subject

appears in the last chapter of this volume.



CHAPTER XI

THE PRODUCTS OF LOW TEMPERATURE CARBONISATION

COKE

INTRODUCTORY
THE study of the behaviour of various types of coal carbonised at temperatures

up to 600 C. or 700 0. has thrown much light on the influences which determine

the physical structure and properties of the resulting coke. It has been shown

that the sponge-like structure results from the simultaneous fusion and evolution

of gas which occurs mainly between 350 C. and 700 C. It follows, therefore, that

when coke is produced in ovens and retorts by the immediate application of external

temperatures of 1200-1400 C., the successive layers of the coal mass must

necessarily pass through this stage of fusion and gas evolution. It may therefore

be accepted that the ultimate structure of high temperature, as well as of low

temperature coke, is mainly determined during this stage, and the study of what

further occurs at higher temperatures, after the fusion stage is passed, can be more

effectively pursued by direct application of these high temperatures to material

which has been produced by the initial application of the temperature of 600 C

A complete study of all varieties of coke is beyond the scope of the present

volume It will, however, be helpful to Bummanse at this stage some of the

properties of cokes produced by high temperature processes, in order to see clearly

the fundamental similarities and differences of high and low temperature products.

The same course will be followed in the succeeding chapters dealing with the other

products of low temperature carbonisation.

PRODUCTION OP HIGH TEMPERATURE COKE

It has already been stated that high temperature coke is produced in two

existing industries, viz (a} the gas industry, where the production of gas of suitable

calorific value is regarded as the primary aim, but in which the solid residue usually

represents the greater proportion of the potential energy of the coal carbonised,

and (6) the coke oven industry, in which the chief object is to produce a dense,

hard coke suitable for blast furnace or metallurgical uses, the tar and gas forming
valuable by-products,

CHARACTERISTICS OF HIGH TEMPERATURE COKE

(a) GAS COKE

In the gasworks process carbonisation is carried out in externally heated

horizontal or vertical retorts at temperatures ranging from 1000-1300 C. The

constitution, calorific value and other properties of the resulting cokes depend largely

140
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upon tlie nature of the coals used in their production, since the whole of the ash

remains m the coke,together with from 1 per cent to 6 per cent of volatile matter. The

representative proximate analyses given in Table XXIV (p 14.5) show that a gasworks
coke has a composition of some 85 per cent

"
fixed carbon," 10 per cent to 13 per

cent ash, 1 per cent to 3 per cent volatile matter, and about 1 per cent moisture.

The coke for sale usually contains a higher peicentage of water than this, and
contents of from 5 per cent to 15 per cent, according to the conditions of quenching,

storing, etc
,
are of frequent occurrence Gas coke is a moderately hard, porous

mass, with roughly rounded surfaces
,

in colour it is greyish, with a somewhat
metallic lustre, and frequently shows a yellowish tinge. It is softer than oven coke,

and having been caibomsed at lower temperatures, contains rather more volatile

matter The use of a strongly caking coal for gas making purposes in some parts
of the country produces a coke which is sufficiently strong and hard to serve as a

metallurgical coke, but as a general rule gas coke is unsuitable for this purpose
On account of the difficulty of ignition, and the unpleasant smell sometimes

associated with its combustion, gas coke is not popular amongst domestic users.

The difficulty of ignition is due partly to the low volatile content, partly to the

high moisture content, and partly to inherent cluracterwtics of structuie of the

coke

CHARACTERISTICS OF HIGH TEMPERATURE COKE

(b) OVEN COKE

In the coke oven process the charges are firmly packed in recovery ovens and

heated to temperatuicB of 1200 C or 1300 C. The swelling nature of the coals

used causes pressure to be exerted on the walls of the oven, and the final pioduct
is a very hard dense coke, which is capable of resisting heavy weights without

crushing It was clearly demonstrated by Dr Lessmg
1

,
in 1912, that the excessive

frothing of certain coals could only occur when sufficient room was given for free

expansion. If the coal is confined, the large bubbles, which would otherwise tend

to form an excessively spongy and weak coke, are burst by contact with surrounding

paiticlcs themselves confined by the walls of the retort The effect is clearly

shown in the laboratory apparatus devised by Leasing, m which ground coal

is carbonised in a vertical silica tube heated externally A loosely fitting plunger
rests on the coal, preventing expansion, whilst at the same time allowing the

gas to escape through the annular space between the plunger and the walls of

the tube

1
Lessmg, R "A Laboratory Method foi Comparing the Coking Propeibies of Coal

" Proc Inst
Gas Hingis , 13th June, 1912 See also Fuel Research Board Physical and Chemical Survey of the
National Coal Resources, No 2 Interim Report on Methods of Analysis of Coal (H.M Stationery
Office )
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PRODUCTION OF LOW TEMPERATURE COKE

In the low temperature process, as its name indicates, the temperatures attained

in the retorts, which are usually in the neighbourhood of 600 C., are much lower

than those obtaining in either gas or coke works practice. In. most of the present-

day systems attention is directed chiefly towards making a coke with certain

desirable characteristics not usually possessed by high temperature products. This

can generally only be secured by leaving in the coke a greater proportion of volatile

matter than would be left in high temperature coke, and the yield of gas is there-

fore low It has already been explained that the fuel oil obtained is of great

significance, and that the high calorific value of the gas makes up to some extent

for its relatively small volume, especially m view of its value as an enriching agent
fox low grade gas.

There are essential differences in the various systems which have been adopted
for low temperature carbonisation processes, but these fall approximately into

three mam classes, which are described in detail elsewhere , in the first two, the

retorts are externally heated, but in the third the crushed coal is exposed to the

action of heat derived from producer gas, which is passed over and through the

mass of coal The nature of the cokes produced, both in regard to chemical consti-

tution and physical characteristics, bears a close relation to the nature and mode
of preparation of the parent coals, and to the particular method of carbonisation

adopted, but in general low temperature cokes have a duller appearance than gas
or oven coke, are softer and more friable, and are sometimes lacking m uniformity
of texture. Then: chief difference in chemical composition from gas or blast furnace

coke lies m then: relatively high proportion of volatile matter, which is usually
between 7 per cent and 10 per cent The temperatures employed in low temperature
installations (up to say 650 C

)
are so near the decomposition temperature of the

coal itself, that the treatment which it receives inside the retort has a considerable

influence upon the nature of the coke produced As explained m Chapter X,

non-caking bituminous coals give cokes which are soft and friable and quite
unsuitable for transport, while the use of strongly caking coal renders difficult the

satisfactory design of mechanical details of the retort For satisfactory results,

therefore, the coal used must either be sufficiently caking to yield a strong, coherent

coke under the given working conditions, or must be mixed or blended with good
caking coals in such proportions as to afford the necessary strength to the resulting
coke The results of recent researches have clearly indicated the important part
which is played by the breaking down and blending of different types of coal m
securing those qualities of homogeneity and physical texture which are so material

to any form of smokeless solid fuel intended for domestic use The effect, in

addition, of bnquetting fine coal by subjecting it to high pressures prior to
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carbonisation is receiving much attention, and it is probable that this treatment

will simplify and cheapen the subsequent operations of carbonisation. Experience
has shown that the briquettes produced in this way from certain coal blends may
lack robustness, and so tend to break down during the subsequent carbonisation ;

but recent experimental work at H M. Fuel Research Station has proved that by

briquetting the same disintegrated and blended coals at temperatures high enough
to cause incipient fusion ol some of the constituents, a robust type of briquette

may be obtained with a coarser matenal, and with a lower pressure than would

otherwise be required.

VARIETIES OF LOW TEMPERATURE COKES OBTAINED FROM
DIFFERENT PROCESSES

In Chapter XVII, details of the plant and methods employed in the various

types of low temperature carbonisation processes will be given, but the com-

positions of certain varieties of low temperature cokes, which have been chosen

as representing typical carbonising systems which differ fiom one another in some

essential feature, are here given in Table XXIV, in conjunction with those of gas

and oven cokes Analyses Nos 6 and 8, the Maclaurin and "
Sensible Heat "

(Nielsen) products respectively, represent cokes from internally heated retorts
,

all the others are from externally heated retorts. The coke in Analysis No 4

is thafc prepared at II M Fuel Research Station from a blend of caking and

non-caking coals in such proportions that a slight shrinkage takes place on

carbonisation, and no artificial pressure on the fused coal is necessary for the

formation of hard coke. A coke of a similar character is that made by the Coalite

process (Analysis No 5), wherein coal blending is also ck

mployed, but where the

fuel is in addition confined to some extent during carbonisation. In the
"
Pure

Coal Briquette
"

process (Analysis No 9) the coal briquettes are subjected to

varying stages of heating as they pass down the retorts, and the method also

differs from others in that the coke is finally heated at the bottom of the retort

to temperatures which are high enough to reduce the quantity of volatiles to about

2 per cenfc or 3 per cent. As has already been stated, the authors of this process

consider that the fine cell structure of the emergent coke, which will be discussed

m more detail later, compensates for the lack of volatile matter, so that the free

burning qualities of the cokes are not forfeited.

THE CHARACTERISTICS OF LOW TEMPERATURE COKES

^ (a) COHERENCY

The coherency of a coke has already been shown to depend upon the presence

in the coal in sufficient quantity of substances which upon carbonisation act as



144 LOW TEMPERATURE CARBONISATION

binding materials to other constituents If this binding material is in excess, steps

must be taken to prevent excessive foaming This may be effected in various

ways, such as by confining the coal, as discussed above, or by subjecting the

material to a pre-heat treatment or to oxidation, which will destroy some of the

binding material. The most promising method, however, is to provide, by blending
with a non-caking coal, a sufficiency of more inert material to absorb and so utilise

the excess binder in the swelling coal

Figs. 15 and 16, reproduced by permission of Sir George Beilby, illustrate cokes

produced from different coals in the laboratory assay apparatus. In Fig 15, at

A, is shown the result of carbonising a type of coal (Bllistown Mam Breeze) deficient

in caking power, the residue taking the form of a non-coherent powder only
suitable for bnquetting or burning in the pulverised form. On the other hand,

at C, the coke from Mitchell Main coal has foamed up during carbonisation and

become stereotyped in that form. It is friable and quite unable to stand transport
At B the result is shown of intimately mixing the above two coals before caibonisa-

tion. The coke, which has shrunk during the process, is stroag and fine grained

and eminently suitable for use as a smokeless fuel '

It is well known that most coal seams present a succession of bands of variable

fusibility, each of which if carbonised alone would produce a coke of different

structure It will be seen therefore that such seams, when carbonised as a whole,

will produce cokes of varying characteiistios according to the proportions of the

caking or non-caking bands present It sometimes happens that the two types
are present in such proportions that a good coke is produced without additional

blending or external pressure An example of such a coke from Dalton Main coal

is shown in Fig 16, A being a side view and cross-section, while B is a plan view

of the same specimen
Messrs Sutcliffe and Evans 1 claim that most coking coals bnquettcd cold with

25 per cent of breeze without a binder and subsequently caibomscd will give an

excellent smokeless fuel, but it must be borne in mind that the bicezo in ic-

caibomsing takes up space in the rctoits, and yields no gas In the caibocoal

process, low temperature coke is giound, blended with pitch and bnqucttcd, and
the briquettes carbonised until a low volatile product is obtained The carbocoal

briquettes are dense and strong and form an efficient substitute for anthracite

(6) VOLATILE CONTENT

Table XXIV shows that the possession of 7 per cent to 10 per cent of volatile

matter is a common property of low temperature cokes other than the exceptions
referred to above. This high volatile content is to some extent responsible for the

1 Sutcliffe and Evans " Low v High Temperature Carbonisation
"

Ptoc 8 Waht> Inst Enms ,

20th April, 1922
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easy ignition and free burning properties of such, cokes, and it has been shown at

H M. Fuel Eesearch Station that the same process, in conjunction with different

times of carbonisation, produces cokes of different combustibility, the easy com-

bustibility of cokes containing volatiles of the above order being to some extent

lost if the time of carbonisation is so prolonged as to reduce the volatiles to less than

4 per cent. Bunte and Kolmel,
1
however, claim that a low temperature coke once

produced can be heated to increased temperatures out of contact with air, until

all the volatile matter is removed, without interfering with its property of ready

ignition

(c) STRUCTURE

It would appear, therefore, that properties other than chemical have a con-

siderable bearing upon the combustibility of a coke. Eecent experimental work

has indeed amply demonstrated the important consequences of structure, and

has shown that one of the mam factors involved is the area of the cell surfaces

upon which gases can act, and which it is desirable should be as large as possible.

The structure of a coke is determined to some extent by the nature of the car-

bonising plant used, but is chiefly influenced by the action of the caking constituents

of the parent coal The results of the ordinary methods of coal analysis may serve

for a rough classification of coals into types, but very little information is actually

gained thereby as to the real nature of the coal, or its probable behaviour on

carbonisation. Further, most coal seams are built up of bands of coal which

individually may differ considerably from the seam average, and which, therefore,

if carbonised alone, would give correspondingly different results. The temperature
of carbonisation and the conditions under which it is carried out also affect the

physical properties of the coke product.

The question of the structure of coke was reviewed by Sir George Bcilby in 1922,
2

when he described certain variations in structure of varieties from wood chaicoal

to metallurgical coke. In wood charcoal the original cell structure of the wood

is preserved, but observation showed that in coke produced from coal the final

cell structure is that of bubbles formed from fused or paitially fused coal substance

The first stage will be the formation of a foam in which each bubble is a self-contained

cell, but mutual perforation of points of contact produces a spongy mass through
which the gases ultimately escape. As the temperature of the coal mass IR raised,

gas constantly forms
, the development, therefore, is continuous Bubbles arc

formed so long as the mass remains sufficiently plastic , but when this stage is

passed no further development can take place, although gas may still bo evolved

without further modification of structure. The temperature at which carbonisation

1 Bunte and Kolmel,
" Coke Ignition Temperatures

" Gas u Wasserfach, October, 1922.
3
Beilby "The Structure of Coke its Origin and Development

" lud ^n Science and Practice,
December, 1922.
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takes place, or, rather, the rate at which the temperature of the coal is raised, has

a considerable bearing upon the final structure of the coke which has been attained

when rigidity sets in. Unless confined in some way, such as, for example, by solid

boundary surfaces, the large bubbles which will be blown in a swelling coal will

result in the production of a light, porous mass. If the coal, or coal blend, contains

the correct proportion of fusible constituent, the final bubble structure will be

governed by the iliitial state of division of the particles. With finely divided coal,

for example, it will consist of minute cells of uniform structure. A dense 'fuel,

with a large number of such small cells per unit of the vitreous carbon mass, is the

ideal generally aimed at It has been successfully attained, as already mentioned,

by the blending of fusible and non-caking coals, which is fully described in the

Report of the Fuel Research Board. 1 In this method, mixtures can be obtained

which will pass through the fusion and bubble-forming stages without external

swelling, and which will yield a fairly hard coke of slightly less volume than the

original coal.

Several other investigators have shown that a similar effect can be produced

by using coke breeze instead of the non-caking coal, and m many other low tem-

perature caibomsation processes it is now recognised that coal blending is a very

satisfactory method of giving a suitable fuel In the
"
Pure Coal Bnquette

"

process alieady icfeiied to, the coal is vciy finely ground after blending, in order

that the ultimate structure of the coke may consist of very minute, but inter-

connected cells. In this connexion it is of interest to note the high apparent

density of this typo of coke, which has been given as 1 15 in comparison with the

moie usual values of 7 to 9 for other vane-ties of low temperature coke

(d) DENSITY, POROSITY AND COMBUSTIBILITY

Sir George Beilby, from his studies of the formation of carbon by the carbonisa-

tion of sugar, and of the microstructure and properties of coke, has arrived at the

conclusion that most carbonaceous residues, from wood charcoal to the hardest

coke, consist of carbon m the vitreous state, i e it is a true glass The density of

this material is in the neighbourhood of 1 85 to 1-9 as compared with 3 55 and

2 55 for diamond and graphite respectively Until recently, metallurgists have

considered density and porosity to be reciprocal the one to the other, that IH to say,

the usual method of calculating porosity has been by means of the ratio of the

relative volumes of actual coke substance and interspaces It is obvious that a

value for porosity calculated in such a manner can give no indication of the actual

area of internal surfaces developed ;
neither can any opinion be formed as to the

accessibility of such internal surfaces to an oxidising or reducing agent. Combus-

1 Fuel Research Board Report for Years 1920, 1921 j Second Section . "Low Temperature
Carbonisation." (H.M Stationery Office )
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tibility lias been generally regarded as depending on chemical rather than structural

features in the coke ; but if the actual material of cokes possessing widely differing

degrees of reactivity is such a definite substance as vitreous carbon, we must look

elsewhere for an explanation of the differing properties. The most likely direction

is obviously m the amount of surface exposed to chemical action. A similar mass

of carbon can obviously differ very widely m this respect. For example, wo may
have a solid mass of vitreous carbon concentrated in a cube of say one inch sides

so that the area exposed to oxidation is six square inches, presuming a similar

degree of exposure in each of the six surfaces oi the cube Again, the same weight
of material might be arranged in the form of cubes of -jL-inch side, with spaces

of say TV"inch between the faces of the cubes The area of each face of each cube

would now be -j^y of a square inch, or a total of T g7 square niches to each cube But,

since we now have 1000 cubes, the total surface would be yg-g- X 1000 = GO sq inches,

or ten times as much surface as was possessed by the original 1-mch cube Further

subdivision would result in increasing the surface area to any extent we please

In the original cube, reaction can only take place over the external surface ,

but in the modified systems reaction can proceed on the surfaces m the interior,

provided always that a circulation can be set up which shall furnish a sufficient

supply of oxygen for combustion, and at the same time remove efficiently the

products of combustion However, if we proceed as above to increase the surfaces,

we aie at the same time rendering them more inaccessible to the action of the other

element necessary to the reaction It would therefore appear that the increase ol

surface provided by minute subdivision will be eventually neutralised by difficulty

of access of air to the interior It is obvious, therefore, that the usual method of

estimating porosity can give no indication of the relative area of the internal sui-

faces, neither can it give any idea of the accessibility of such internal surfaces

In this connexion Sir George Beilby has determined the sizes of the larger bubbles

in a typical metallurgical coke, since these are likely to be the most accessible.

Such bubbles range from 3 or 4 mm down to 5 mm m diameter, and ho con-

eideis that the
"
free circulation of gases will mainly occur through the larger of

these, as they have probably been opened up and kept open by the rapid discharge

through them of the carbonisation gases
"

For dense, pre-briquetted coke obtained by fine grinding, he has estimated that

the larger pores range from 5 mm down to 1 mm
,
but points out that

"
the

fact that the combustion of these briquettes proceeds definitely from the outer

surface inwards shows that the internal circulation of the oxidising gases is much
more restricted than in the case of metallurgical coke. Sutcliffe and Evans believe

that the reactive surface of the coke briquette is so immensely greater than that of

metallurgical coke that the increased rate of combustion more than compensates
for the less free circulation through the mass."
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jection to the full temperature of 600 C. resulted in a very much, more swollen

coke than if the mass was heated more gradually. Heating of the laboratory assay

tube by stages was soon discarded, as it led to condensation of the tar vapour along
the charge and its consequent secondary decomposition. Attention was therefore

directed towards finding a set of conditions which would obviate so far as possible

decomposition of the primary gas and tar, and yet produce a coke which was

similar to that formed from the same coal in large-scale practice. The most impor-
tant factor was obviously the rate of heating, and since on a large scale the rate of

heating is much slower than in any laboratory apparatus, it was decided to slow

down the rate of heating in the assay method by starting at a low temperature
and working up to the final. In an intermittent retort the outer layer is heated

rapidly to nearly the full temperature, while the centre of the charge is probably
not heated through for several hours In a vertical continuous retort the rate of

heating would be more uniform, and the coal may be regarded approximately as

passing through successively increasing zones of temperature to the final carbonising

zone. The condition finally chosen for the assay was that the retort containing

the dry coal should be introduced into a chamber at 300
,
or well below the

point of visible decomposition, and the temperature raised duiing one hour to the

full value desired A further hour at this temperature completed the carbonisation

The cokes obtained in this way were very similar in appearance and yield to

the horizontal retort cokes, and when at a later stage a coke which would bind

well without swelling was sought for, the apparatus became extremely useful for

predicting the necessary proportions of caking and non-caking coals

LOW TEMPEKATUKE COKE AS A HOUSEHOLD FUEL

The most important potential use for low temperature carbonisation coke is

undoubtedly as a domestic fuel, though tests have shown it albo to bo well adapted
for industrial purposes, e g a gas producer fuel The open domestic fire, binco it

attains a relatively high temperature, emits the greater part of its energy as radia-

tion. Determination] of the heat radiated therefore form a reasonable basis of

comparison of the behaviour of different fuels for domestic purposes The work

of Dr Margaret Fishenden1 has shown conclusively that the radiating power of

coke, especially that produced from low temperature processes, is greatly superior

to that of raw coal
,
for instance the radiation efficiency, or the proportion of the

theoretical energy of combustion of the fuel burned, delivered as radiation m three

different types of sitting-room grates, was found by Dr. Fishenden to be 24 2, 19 5,

17-3 respectively for bituminous coal, and 30-8, 24-0, 19 9 for a low temperature

1 Fuel Research Board Tech Paper No 3
" The Efficiency of Low Temperature Cokem Domestic

Appliances." Margaret White Fishenden, D So. (H.M. Stationery Office.)
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coke. The comparative performance of the two fuels, weight for weight, will

obviously be dependent upon the relative calorific values, but it is apparent from

the figures quoted that a low temperature coke of calorific value, say, 12,500 B Th.U.

per pound, will in general give considerably more radiation than a coal fire burning

at the same rate It will be noticed also in the figures quoted above that the higher

the efficiency of the grate, the more pronounced was the advantage of the carbonised

fuel over raw coal

In addition, the easy ignition and free burning properties of low temperature

cokes, the bright, hot, glowing and extiemely attractive fires which they produce,

and the entire immunity of these fires fiom black smoke emiSBion, render low

temperature cokes a clean and convenient household fuel ,
and if such cokes became

available in large residential centres the problem of increasing the efficiency of the

open fire would bo greatly simplified

When raw coal is burned m the open fire, its distillation in situ is the cause of

the smoke trouble The smokeless combustion of the products of this distillation

gases and tar can only be obtained by continual care and attention that cannot

be given in practice. Hence the chimney of an open fire which is continuously

used must be swept several times yearly, while the unpleasant task of cleaning

dampers and flues must be undertaken every few days With smokeless solid fuel,

on the other hand, the operation in the fire is simply one of combustion, and no

regulation is required other than that of the air supply, which controls the rate at

which the fuel burns On account of the absence of smoke production, chimneys

of reduced size are adequate, and corresponding economy is gamed in building

and maintenance costs The draught regulation itself is also simplified by the

more uniform action of flues and dampers, which lemam clean and unblocked by
soot or tar.

For water heating, especially in independent boilers, low temperature cokes

are again greatly superior to coal m actual efficiency, values of 20 7 per cent and

17 3 per cent having been obtained by Dr Fishendcn fiom the back boilers of

ordinary kitcheners as compared with corresponding figures of 14 5 per cent and 13-1

per cent for coal ,
and m an independent boiler an efficiency of 41 per cent for low

temperatuie coke contrasted well with 31 per cent for coal Their easy ignition,

freedom fiom smell, and certainty and simplicity of regulation differentiate them

favourably from gas coke

For oven heating in ordinary kitcheners, low temperature coke appears to be

somewhat less advantageous than raw coal. In most of the tests about equal

numbers of heat units were required roughly to give similar results in oven heating

or to cook similar menus In certain special ranges based upon independent boiler

4esign, however, low temperature cokes appear to be better than coal.

The probable behaviour of these brightly glowing fuels, with low volatile
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contents, and consequently little flame, may frequently be anticipated from the

design of the appliance m which it is proposed to burn them. Their advantage,
in fact, is largely due to enhanced radiation though the non-luminous flame

produced from the remaining volatiles is not without its effect and is most marked

when the distance between the fuel bed and the oven or boiler surfaces is low,

or the fuel bed enclosed. Where the oven or boiler surfaces are far removed from

the fuel bed, the superiority of coke is diminished, or even in certain cases may
disappear. In these cases the direct contact of the long and far-reaching flames

of bituminous coals apparently more than counterbalances the higher radiation

from the coke. When it is considered that the practical comparisons given above

refer generally to appliances planned to burn coal, the favourable results obtained

with the new fuels may be considered highly satisfactory, for there is little doubt

that m appliances specially designed for the latter, their superiority might be

considerably magnified.

For household purposes, it is essential that cokes should be produced in such a

form as to be easily handled. Moreover, the individual pieces should be roughly
uniform both m size and structure, so as to be suitable for charging on any oulmary
domestic grate. They should also be strong enough to resist severe handling without

excessive breaking, and be reasonably clean to touch In the early days of low

temperature carbonisation, the resulting cokes from the non-caking coals used

were friable and uneven m structure ,
but the material pioduccd more iccently,

il not entirely free from these faults, proves, both in size and shape, a highly

convenient fuel No one who has had experience of the bright, hot, uniform and

extremely pleasant fires which good low temperature cokes produce would wish to

exchange them for the old, smoky coal fire, and the economic production of a

satisfactory low temperature coke on a large scale should piove an immediate

amelioration of the smoke nuisance.

LOW TEMPERATURE COKE AS A PRODUCER FUEL

Low temperature cokes are eminently suitable foi gas producers, as tho gas

formed is higher in calorific value than that from gas coke, and is fiee from the

tarry deposits characteristic of richer fuels. Tho practical application of low

temperature coke to gas producers offers a means of making a very ready compai ison

of its increased combustibility over that of ordinary gas coke. Table XXV
gives the results of experiments carried out at II.M Fuel Research Station on two

samples of coke crushed to the same size, and burned in a small gas producer under
--1 -~ 4

"'cal conditions. It will be seen that the rate of combustion of carbon was

cent higher for the low temperature coke than for the gas coke. Tho greater

reaction is also indicated by the increased temperature (200 C ) of the

)f the producer in the case of the low temperature coke.
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A somewhat similar method of comparing the combustibility of cokes has been

described by G. Tammann. 1 In this method the cokes are consumed in small

cylinders, open at the top, into which equal quantities of air are blown The relative

combustibility is then measured by comparing the heights oi the cones of burning
carbon monoxide.

TABLE XXV

COMPARISON OF Low TEMPERATURE COKE AND GAS COKE USED IN PRODUCERS

H M Fuel Research
Station Low Vortical Rotort

Temperature Coke. Gas Coke

Rate of consumption of coke Ib per hour . 8 63 6 12

Rate of consumption of carbon Ib. per hour . 6 50 5 33

Temperature of hot zone . . 1000 C. 800 C

Composition of gas made
C0 2

. 101 143
O a . 04 09
CO .172 86

!>

CH 4 .

N 2 . . .724 762

LOW TEMPERATURE COKE AS AN INDUSTRIAL FUEL

Considerable attention has been devoted during icceiit years to the application

of gas coke as a steam-raining fuel, partly on the grounds of smoke abatement, and

partly with a view to absoibing the continually increasing coke yields of our gas-

works For these reasons many laige concerns have adopted coke as a boiler fuel.

The Paris Gas Company in 1910 adopted gas coke for boilers, after carrying out for

one year tests in which gas coke and coal were found to be about equivalent, weight
for weight, the higher efficiency given by the coke, and the reduced loss in small

particles of unburned fuel, making up for the lower calorific value The value

of the pioneering work of Mr. E W. L. Nicol 2 and the London Coke Committee,
both during and since the war, in encouraging the industrial use of gas coke, is of

great importance, and is discussed at length in another volume of the present
series

Although there are few published data regardmg the efficiency of low tem-

perature coke as a fuel for steam raising, such experience as is available shows that

it shares the advantages of coke firing without some of the disadvantages associated

1 G Tammann Stahl und Etsen, 1922, 42, No. 15, pp. 677-8
2
Nicol, E W L. Coke and Its Uses (Benn Bros )
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^
temperature products. Low temperature coke as a boiler fuel behaves

aanner to a smokeless Welsh steam coal. It is easily kindled and

ith a good radiation efficiency The total absence of smoke-producing
r renderj it easy to maintain the chimney absolutely smokeless. Its

itage is that associated in some cases with its bulk, so that weight for

hand stoking, the firing has to be more frequent than in the case of

, m order to maintain a uniform fire and so obtain the maximum economy.
The pre-briquetted form of low temperature coke being much denser would of

course not share this disadvantage.

PULVEBISED LOW TEMPEKATUKE COKE

The possibility of using low temperature coke in the powdered form has been

pointed out by S W. Parr and C K Francis 1 The burning of fuel in the finely

divided form has lately been making great strides in the United States of America

and on the Continent. In this country, however, with the exception of the cement

industry, where powdered coal is used exclusively m the rotary kilns, progress

in the utilisation of pulverised fuel has been disappointing. Signs are not wanting,

however, that our industrialists are beginnmg to realise that there are certain

manifest advantages to be gained by the utilisation of fuel in this form. Progress

is likely to be hastened by the most recent development which has taken place,

viz the pulverisation of the fuel in small self-contained pulverisers, situated

practically at the furnace mouth. This method completely obviates the necessity

for the cumbersome and costly plant associated with some of the earlier instal-

lations.

The advantages of pulverised fuel are summarised in the General Electnc Review

for May, 1918, as follows :

(1) Flexibility of control of fuel and air, and ability to extinguish the fire

instantly.

(2) Complete combustion even at high rate of burning, and elimination of smoke,

always assuming that the installation is properly made and operated.

(3) Burning fuel in suspension eliminates the usual troubles which result from

the formation of clinkers in the fire bed when the coal is burned in giates

(4) Low grade fuels may be burned efficiently regardless of the proportion
of ash, sulphur or other impurities. Where low grade fuels aie burned in

grates, the capacity of the furnace is reduced in proportion to the percentage
of incombustible content. This limitation does not hold when burning pul-

1V
Parr, S. W , and Francis, 0. K. " The Modification of Illinois Coal by Low Temperature

Distillation
"

Bulletin, 24, TJmv, of Illinois
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vorised fuel in suspension, as the amount of ash. in suspension in the flame

at any one time is inconsiderable.

(5) Very little excess air is required. This reduces the stack loss as well as

the power required for the draught blowers. Less area is also required m
flues and stacks.

(6) Maximum fuel economy is possible in many applications.

(7) The expense of supplying coal to scattered industrial furnaces is thereby
reduced to a minimum Pulverised fuel has semi-fluid properties ; it flows

easily and can be transferred through pipes,

(a) by screw conveyors ,

(6) in a mass by means of compressed air ;

(c) in suspension m a current of air.

For satisfactory and easy burning m the pulverised form it is desirable that a

uel should contain about 10 per cent of volatile matter Suice this is the amount

isually left in a low temperature coke, pulverisation is a very attractive method

'or utilisation of the fines and breeze which are associated with some of the systems,

[ndeed, if there were a free market for the fines such as would present itself if there

s in the near future a great development of powdered fuel installations, the range
)f coals available for low temperature carbonisation would bo widened, and certain

;arly types of retort might become profitable in working.
Another advantage of low temperature coke as a raw material for pulverisation

s its comparative friability One of the chief difficulties encountered in the pulveri-

iation of some othei fuels is the cxcesbive wear and tear of the grinding apparatus
[t is unlikely that it would be economically sound, unless in exceptional cases, to

un a carbonising plant for the purpose of disposing of the whole of its coke as

t material for pulverisation , but, if it weie possible to do this, the carbonising

}lant and the coal carbonised could be arranged to deliver a coke m which the

)roporty of easy pulverisation could be developed to the utmost extent.



CHAPTER XII

THE PRODUCTS OF LOW TEMPERATURE CARBONISATION

GAS

COMPOSITION OF GAS OBTAINED FROM LARGE-SCALE PLANTS
IT lias already teen explained that the composition of the gases which are

evolved during the thermal decomposition of bituminous coal varies not only with

the temperatures employed, but also with the time over which the operation

extends, the rapidity with which the volatile products emitted are removed from

the retorts, and other practical conditions

In any large-scale practice, the primary products of distillation are subjected
for some time to the heat of the retort. Owing to the secondary decomposition
which is thereby caused, neither the gaseous nor liquid pioducts of carbonisation

actually collected represent the true products initially liberated from the heated

coal Moreover, as coal is an indifferent conductor of heat, the temperature of

the charge m the retort is far from uniform, for while certain parts may become

heated rapidly, others pass through a more gradual change
It is not therefore possible to give specific analyses of the gaseous pioducts

associated with different coals and different temperatures of carbonisation which

will apply precisely in all cases The published data of large-scale gas compositions
are few, but Table XXVI shows analyses of the actual gases obtained in two large

-

fccale plants which are typical of external and internal methods of heating These

aie Fuel Eesearch Board horizontal retorts and the Maclaunn retort The former

may be compared with the composition of the gas produced on the laboratory scale

by Wheeler, using Altofts Silkstone coal, carbonised at tempeiatures of 450 C and

600 C. respectively, and that obtained from H M. Fuel Research Station Assay
method already described. (Page 60 )

The gas obtained with the internal system
of heating is not comparable with these laboratory icsults since it contains com-

bustion and pioducer gases inherent to its particular system of heating

COMPOSITION OF GAS OBTAINED IN LABORATORY EXPERIMENTS

In Tables XXVII and XXVIII detailed figures of Burgess and Wheeler's 1

small-scale experiments in vacuo at temperatures ranging from 100-800 C are

shown, and bring out clearly the critical period in the decomposition of the coal

between 700 C and 800 C
,
which has already been discussed m Chapter VI

In general the composition of the gases obtained from full-scale installations differs

considerably from that yielded in laboratory experiments, though that produced

m the large-scale experimental plant at H.M Fuel Research Station is closer than

many others The causes of the divergence may be classed broadly as (1) the dilution

1
Burgess and Wheeler.

" The Distillation of Coal in a Vacuum." Trans. Chem Soc , 1914, 105, 131-40.

156
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ie rich gas made with a heating gas or a gas made at a different temperature,

(2) the "cracking" of Ihe rich gas and primary tar to a greater or less degree.
Maclaurm retort, in which the heating is produced by the internal combustion.

TABLE XXVI

COMPOSITION OF GAS MADE IN PROCESSES FOR THE CARBONISATION OF
COAL AT Low TEMPERATURES

lie of
" n "

in paraffins 157 1 35 1 27

mfic value B Th U 's per cu ft

) 60 and 30" said (gross) 1100 960 850

1 24

1030 247

irt of the coke, and the Nielsen retort, where carbonisation la effected by the

ble heat of producer gas, are examples of the first case In the
"
Pure Coal

uette
"

process the rich gas which forms at the top of the vertical retort is

ed by higher temperature gas generated lower down the ictort after the

Smgoss and Wheeler, Trans, Ohem Soc , 1910, 97, 1917-35
laclanrm, R " Low Temperature Carbonisation of Coal "

Proc.S Wales Inst. of Erxj , 20th April,
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greater part of the volatile matter lias been removed by true low temperature
distillation.

TABLE XXVII

COMPOSITION OP GASES COLLECTED IN VACUO BY BURGESS AND WHEELER*
DRY SILKSTONE COAL USED AND GAS CALCULATED AS NITROGEN FREE

100 200 300 350
Temperature 0, 100 to to to to

200 300 360 400

Gas .

Vol. @ N.T.P. per 100

grammes c.c. . . 340 655 585 9850 40000

H 2S .

C0 2 .

2 . . .

C 2H4 .

(n>2)CnH 2n . .

CO ...
H2 . .

100 00

n/v for paraffins . 221 1-84 143 0311 0-302

(or number of CH 2 groups per
unit volume of paraffins)

Appearance of IPS was at about 270 C and tins is included m the figure for CO 2

THE EFFECTS OF " CKACKING "

When the gas and tar vapour leaving the coal at a certain temperature is-

subjected for any length of tune to the carbonising temperature, or to th.e effect

of heat radiated from the sides of the retort, secondary changes take place which

are generally classed under the name of
"
cracking." In these changes both gas

and tar vapour are affected, and the general effect is the reduction of bodies of high
molecular weight to others of lower molecular weight, with deposition of carbon

and formation of lighter hydrocarbons and permanent gas. A similar effect is

produced if the vapour when once formed is allowed to condense upon cooler coal

1
Burgess and Wheeler Trans. Chem Soc , 1914, 105, 131-40.
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and is later re-carbonised The factors governing the changes which take place

owing to the cracking of the rich gas and primary tar are many, and they are

further complicated by the natural effect ol increased temperature as already

indicated.

In any carbonising system on a large scale, the formation of gas at different

TABLE XXVIII

GASES COLLECTED BY BURGESS AND WHEELER 1

COAL USED ALTOFTS SILKSTONE SEAM

Temperature C 450 500 000 700 760 800

Gas (N.T.P.) :-

c c per gramme of ash free

dry coal . 12 29 9 9900 12400 15400 21800

NH S

O eH. .

C0 2

C 2H a .

C 2H 4 .

CO
II 2 .

CH .

Deciease in weight of coal% 910 1879 2837 3230 3404 3630

Weight of tar collected . 429 905 1366 1408 1620 1350

temperatures proceeds as indicated in Table XXVII, its composition being modified

later by the cracking of the heavier hydrocarbons of botli gas and tar to an extent

which is dependent upon the particular process employed. In practically all low

temperature systems the carbonising temperature is such that the gas will

always contain a certain amount of the higher saturated hydrocarbons,

particularly ethane.

1
Burgess and Wheeler. Trans. Chem. Soc , 1910, 97, 1917-35.
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VTHE EFFECTS OF STEAMING

Special tests which, have recently been carried out by the Fuel Kesearch Board,

and which are described in Technical Paper No. 7, give interesting results of the

analyses of the average gases produced from the carbonisation of coal at low

temperatures in Glover-West vertical retorts with varying amounts of steaming.

TABLE XXIX

YIELDS OF GAS FEOM Low TEMPEEATUEE CAEBONTSATION IN GLOVER-WEST
VEETICAL RETOBT

Test No

Steam per cent

Gas made per ton of coal, cu ft. .

Gas made per ton of coal, therms

Gas made, calorific value

B Th U 's cu ft gross .

nett

Gas in therms as % of therms in coal

Analysis.

CO,
CnHm

2 .

CO .

H .

N 2 . ..
" n "

in satd hydrocarbons

Specific gravity (air=l)

Nil

7190

460

6400
585-0

165

49
47
02
112
322
330
138

109
0572

7-24

6700

450

6710
6020
160

1347

7350

485

6610
5940
172

0544 0-561

2000

7750

496

6400
5730
177

72
45
02
100
380
325
76

0563

The coal used was a mixture of 60 per cent Mitchell Mam (caking) with 40 per cent

Ellistown Mam (non-caking), which had been proved to give satisfactory coke

cakes on carbonisation afc 600 C in the horizontal retorts. The conditions of

working in the vertical retorts were determined by a series of preliminary tests which

indicated the desirability of maintaining a temperature of about 850 C in the

combustion chamber near the top of the retort, decreasing to about 700 C. at the

bottom Cokes applicable to household use were yielded in all cases. The yields
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in each, test arc set out in Table XXIX, together with the analyses of the average

gases
1 The steam employed varied from nil to 20 per cent, the gas made ranging

from 671 B Th U per cubic foot with 7-24 per cent steam to 640 B Th.U. with

20 per cent steam The corresponding figure for no steam should have been 700

B.Th U ,
which was actually obtained for a time, but a leakage of air into the

retorts through the coke chambers reduced the average figure to 640 B Th.U only,

as given m the table.

It will be seen by comparison with Table XXVI that the gases obtained from
these experiments diller from normal low temperature gas in their much lower

percentage of unt>aturated hydrocarbons, the percentage being less than 5 per cent

as compared with moie than 9 per cent for H.M. Fuel Research Station horizontal

retorts The hydrogen content, on the other hand, is about doubled, being increased

from some 17 per cent to an average of nearly 36 per cent The amount of saturated

hydrocaibons is much decreased 33 per cent as against 56 per cent and those

produced are of a lower mean molecular weight
The results indicate that a setting of similar construction, but with iron retorts

in which heat would be transferred to the coal much more rapidly, would possibly
be suitable for the manufacture of good smokeless fuels by carbonisation of coal

at low temperatures, piovidcd the material to be carbonised can be delivered to

the retort in such a foim as will preserve an open charge which will not tend to

fuse together into an unmanageable mass

The volume of gas obtainable commercially of course varies according fco the

amount of cracking of the primary products which has taken place We have

already stated that the quality of the gas produced in the experimental setting of

honzontal ictoitu at IT M Fuel Research Station approaches more closely to that

obtained in the laboratory than does that given m any other plant upon which

independent tests have been carried out The amounts yielded m this setting

vary from 2700 cubic feet of gas per ton of coal, the gas having a calorific value

of 1020 B Th U per cubic foot or 27 54 therms of gas per ton, to 4220 cubic feet

of gas pci ton of coal, the gas having a calorific value of 906 B Th U 01 38 23 therms

of gas per ton These figuies are typical of the gas obtainable by carbonisation

of a wide range of coals at 600 C
,
and the enhanced figures for the therms of gas

which are sometimes quoted should be accepted with great caution

It is pointed out on page 28 that the rich gas obtained from a low temperature

process has properties which make it exceptionally attractive as an enriching agent
for water gas or for some of the comparatively low grade gases produced by certain

systems of high temperature carbonisation.

1 Fuel Bosoarch Board T^W^I p^(. TSfo 7
"
Preliminary Experiments m the Low Tempera-

ture Carbonisation of Coal in v :i
'

l!<
"

(H M Stationery Office )
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MOTOE SPIRIT FROM GAS

In all rich, low temperature gas a certain quantity of the hydrocarbons is

condensable by oil stripping at atmospheric temperatures, and after refining the

resulting liquid is suitable for the production of motor spirit The yields claimed

by different systems are widely variant, but those given by the Fuel Reseaich Board

1 43 gallons per ton of coal carbonised may be quoted as an example which

is backed up by experimental data The question of the production of thiB liquid,

however, and its characteristics, are described more fully in a later chapter.



CHAPTER XIII

THE PRODUCTS OF LOW TEMPERATURE CARBONISATION

TAR

INTRODUCTORY

As stated ra the discussion on low temperature gas, the composition of the tar

formed in any large-scale system depends to a certain extent on the conditions of

that system, and particulaily on the rapidity with which the tar is removed from

the influence of heat and fiom secondary decomposition in the retort

Accordingly, the best way to consider the composition of such tar is to examine

the it suits obtained on an experimental scale whore the conditions are more

stringently denned, and wheie the effect of increasing temperature can be more

carefully observed than m a plant under commercial or semi-commercial con-

ditions In this cane all possible piecautions can be taken, by vacuum distillation

and otherwise, to remove the tar vapour from the retort before secondary

decomposition has set in

RESULTS OF INVESTIGATION ON LABORATORY-FORMED TARS

In 190-1 Boinstem 1 fractionated eight We&tphahan coals in 50 stages up to

450 C and gave an account of the various tars collected These, he stated, all

contained paaaffijui and the higher phenols, but neither naphthalene nor anthracene^

In 1913 Pictet and Bouvier 2 examined a French bituminous coal by distillation

in vatAio up to 430 C

The thin tar collected amounted to 4 per cent by weight of coal This tar was

stated to consist chiefly of saturated and unsatuiated hydiocaibons Some

oxygenated compounds weie shown to be present, but no phenols
Cauful examination of the saturated hydrocaibons was later earned out by

piehmniary fractionation, and certain definite hydrocaibons were identified, such

as hoxahydiomcHitylene (C9H 18 )
m the naphthene group, dihydrotrimethylbenzene

((
1

U1I 14 )
in the unisaturatcd hydrocarbons, together with several paraffins The

Mimlanty of the naphthencs to those present m American petroleum, is pointed out.

An interesting experiment was also carried out in which the vacuum tar was

fiacked to give gan and a secondary tar This secondary tar contained aromatic

hydrocarbons, naphthalene, etc
,
as m normal gas tar prepared by high temperature

distillation

In 19 14, this work was earned out on British coals by Wheeler 3 and others,,

1 Borastem Btr d Gliem Gcsell , 1913, 46, 3342-53
a Pictel and Bouviei Compt rend, Acad Sci , 1913, 157, 1436-9.
1

Burgess and Wheeler "The Distillation of Coal m a Vacuum "
Trans, Ghem, Soc > 19147-

105, 131-40

163
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distillation in vacuo being again resorted to, and the temperature raised m 50

stages up to 450 C. In this case, however, the time of distillation occupied about

five weeks, as compared with the five hours of Pictet and Bouvier The yield ot

tar amounted to about 6 5 per cent by weight of coal, and this when fractionated

gave the following results

(1) Unsaturated hydrocarbons of ethylenic character, but richer m carbon

than CnHjjn, amounting to 20-22 per cent of the yield

(2) Naphthenes and liquid paraffins amounting to about 20 per cent of the

yield

(3) Tar acids, chiefly cresols and xylenols, amounting to about 7 per cent of the

yield.

(4) Aromatic compounds which, however, did not contain naphthalene or

anthracene, amounting to about 3 per cent of the yield

(5) Solid paraffins of composition about C 26H54 and M Pt 52 4 to 54 C in

small quamtity.

(6) Pyridine bases a trace

(7) Pitch, boiling above 300 C and completely soluble m chloroform, amount-

ing to about 50 per cent of the yield Sp gr at 15 C.=l 128

The differences between this tar and that of Pictet and Bouvier seem to have

been due either to the nature of the coal or to the time of distillation These

differences are chiefly in the absence of solid paraffins and phenols in the latter tar,

but, as already stated, Bornstern also found these compounds in his distillations

This is particularly interesting in that Jones and Wheeler,
1 in 1915, obtained quite

different tars by the separate distillation of
"

cellulosic
"
and

"
resinic

"
constituents

of a coal The "
cellulosic

"
constituent yielded only very little tar, but this WAS

composed chiefly of phenols On the other hand, the yield of tar from the
"
lesmic

"

bodies up to a temperature of 400 C amounted to 40 per cent of the original weight;,

jand was found to consist of paraffin, olefines and naphthenes, but no phenols

In America, the chief workers in this field are Parr and Olin,
2 who fiist attacked

the problem in 1907, through their researches on the manufacture of good smokeless

fuel

In then: first paper they describe the form of retort employed and their method

of carbonisation with superheated steam at 450 C
,
and give details of the yields,

etc
,
obtained

In a later paper the authors describe the manufacture of a good semi-coke by
means of a similar process, and give a fuller description of the products obtained

* Jones and Wheeler " The Composition of Coal
" Trans Ohem Soc , 1915, 107, 1318-24

2 Parr and Olin
" The Coking of Coal at Low Temperature

"
Butt 60 and 97, Umv of Illinois
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at 4.00-500 C. Thus they obtained from Illinois bituminous coal a dark brown.

tar of 1 069 sp. gr ,
which, they separated primarily into three fractions as follows .

Percentage of Tar Sp Gr.

Light oil to 210 0. 172. 0-966

Heavy oil to 210-325 C . 52-7 . 1-032

Pitch over 325 C. 30 1 ... 1 270

From this tar the yields obtained by refilling and separation were as follows :

Peicentago of Tar.

r Phenols, etc. 57
Amines and bases . 09

T
. Fraction 75- 95 C. . 38

Llgllt
, 95-125 C. 1-33

1 25-170 C. . 477
170-200 C 2 67

200-210 C 1 32

Tar acids 22-2

Heavy Fraction 210-250 C 2-87

oil 1 250-270 C 1355
over 270 C. . 1 53

The authors report the presence of pentane and hexane as well as benzene in

the fraction 75-95 C and of heptane in the fiaction 95-125 C The two following

fractions are stated to consist of benzene, toluene and the xylenes The tar acids

were found to contain a high proportion of cresols Naphthalene and anthracene

were absent

The presence of benzene and toluene m quantity in this tar is remarkable m
that the carbonising temperature was not greater than 500 C

,
but may have been

due to oveiheatmg of the tar vapours in the retort In this connexion Wlutaker

and Crowell 1 state fiom their investigation of a Pennsylvaman coal that these

hydrocarbons are first foimed at 500 C and 400 C respectively, and that maximum

yields are obtained by carbonisation at 800 C. for benzene, 700 C. for toluene

and 600 C for xylenes. If this be so, true low temperature tar may contain appre-

ciable quantities of all three products.

In Germany, the chief workers have been Fischer and Gluud,
2 and they have

directed special attention to the possible yields of light hydrocarbons. The following"

1 Whitaker and Crowell J Ind Eng Cliem , 1917, 9, 261-9
2 Fischer and Gluud. Ber , 1919, 52, 1063, 1068 , Get AWi. z. Kennt. d, KoMe, 1918, 3, 46.
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yields were obtained with three different coals, the distillation range of the liquid

being such that 95 per cent boiled below 190 C.

Yield, percentage
by weight of coal

used

Gas coal (Lohberg Mine) . . 123

Bituminous coal (Osterfeld Mine) . 67

(MindenMrne) 100

These
"

spirits
" on fractionation yielded the following

20-60 C. . . Paraffins, chiefly C5H12 and C6H 14 and

some unsaturated hydrocarbons Density
about 65 at 8 C

60-100 C. . . Mixture of paraffins, naphthenes and

some nitrogen and sulphur compounds
No benzene was found. Density about

72 at 20 C

inn I9^rl [Paraffins, naphthenes and complex

-lOKiQAon'f
.-! aromatic hydrocarbons. Density about

J [
77 and 87 respectively at 20 C

The authors also describe certain properties of the higher fractions obtained

from tar and discuss the separation of certain solid paraffins ranging from C 24H50

to C 29H60 ,
which amounted to 4 per cent of the bituminous coal tar and to 1 5

per cent of the gas coal tar. It should be noted that again no naphthalene or

anthracene was detected

NITROGENOUS AND SULPHUR BODIES

As stated by Jones and Wheelei,
1 the percentage of nitrogenous bodies in low

temperature tars is less than one This has been borne out by the work of

other investigators, as shown by the following list

Per cent
2Parr and Olin . 9 Amines
3
Pictet, Kaiser and Laboiichere 2 Bases

4Gluud . 046 Pyridme bases
5
Morgan and Soule . 62 Bases

1 Jones and Wheeler " The Composition of Coal
"

Journ, Chem Soc , 1914, 105, 14-1
3 Parr and Olm " The Coking of Coal at Low Temperature

"
Bulletin CO, Umv of Illinois

3
Pictet, Kaiser and Labouchere Compt rend , 1917, 165, 113

4 Gluud Ges AWi z Kennt d Kolile, 1918, 3, 46
B
Morgan and Soule

"
Examination of Low Temperature Coal Tars

"
J, Ind Enq Ohcrn , 1923.

15,587-91
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The most complete work on the isolation ol these bodies from tar is that of

Pictet and his co-workers. They found no pyridine, but isolated a number of

satuiated hydro-derivatives of quinoline and iso-qumolme
No literature is at present available on the sulphur bodies present, but the

amount of these is very small.

CHAKACTEEISTICS OF LOW TEMPERATURE TAR OBTAINED FROM A
LARGE-SCALE PLANT

From what has already been said, it is obvious that the nature ol the low

temperature tar produced on a laige scale will depend to some extent on the

rapidity with which the vapours are removed from the retorts, and therefore from

the possibility of secondary decomposition.
In any tar prepared at low temperatures the following general characteristics

may, however, be expected

(1) That it will contain hydrocarbons chiefly of the paraffin and olefine series

with some naphthenes and from 10-15 per cent of phenols

(2) That the quantity of benzene and its homologues will be small, but will be

made up for by the presence of light paraffins such as hexane, etc

(3) That the higher phenols, such as cresol, will be more lepresented than

phenol itself, and there will also bo present certain polyhydric alcohols

(4) That the content of free carbon will be less than 2 per cent, and that of

pitch will be 35-40 per cent

(5) That thoio will be up to 1 per cent of basic nitrogenous subbtances including

pyridmo

If, however, the tar has been subjected to overheating in the state oi vapour
or to condensation and re-distilUtion in the retort, it will contain small quantities

of the substances more particularly identified with high tempertituio tar These

aie the aromatic hydrocarbons, naphthalene, anthracene, etc It will also contain

an increased amount of pitch and free carbon.

In many of the present commercial scale systems the tar has been treated

entirely as a by-product, and attention directed chiefly to the production of good
coke. It is therefore only in certain processes that particulars are available of the

tars produced, and these are set out for comparison 111 Table XXX.
A more complete examination of the tar produced from several English coals in

semi-large scale work at 600 C has been carried out at H.M. Fuel Research

Station 1 The tars produced are typical of straight low temperature carbonisation,

1 Fuel Research Board. Report for Years 1920, 1921, Second Section. " Low Temperature
Carbonisation

"
(H M Stationery Office )



168 LOW TEMPERATURE CARBONISATION

and the yields and nature of the tars, together with the details of refinery and

distillation of the fractions, are given in Tables XXXI-XXXV
From these results, only a slight idea can be formed as to whether or not the

tars produced on a larger scale are identical with those already described m the

work of different investigators on laboratory-formed tars. So far as the results

go, the systems in which the products of carbonisation are removed as rapidly as

possible produce tars which are quite comparable with those quoted from the Fuel

Research Board report.

TABLE XXX

MAIN DETAILS OP TARS FROM CERTAIN FULL-SCALE PROCESSES

Process

1033

16,840

% Sp Gr

Sp. Gr. @ 60 F
Calorific Value, BThU.'s

per Ib

Distillation

0-170

170-230 C
230-270 C
270 C -Pitch

Pitch

Loss

Tar Acids per cent of Tat 178

Motor Spmt (crude) .

From gas, galls per ton 1 68

From tar, 1 27

Tozer
" Sensible Heat "

System (Nielsen) Sjstem Caibocoal

1 060 1 076

16,000

% Sp Gr % Sp Gi.

1022

26
13

200
35% of

fraction

170-360
C

2-3
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TABLE XXXII

PURIFICATION OF FRACTIONS FROM DISTILLATION OF Low TEMPERATURE TARS

Loss on extraction as percentages by volume of original fractions

Fraction

Coal

Dalton Main 2 .

Mitchell Main

EUistown Mam

60 per cent Mitchell Mam
40 per cent Elhstown Mam

Caustic soda

Sulphuric acid

Washed oil remaining
Washed and refined oil

Caustic soda

Sulphuric acid

Washed oil remaining
Washed and refined oil

Caustic soda

Sulphuric acid

Washed oil remaining
Washed and refined oil

Caustic soda

Sulphuric acid

Washed oil remaining
Washed and refined oil

1

To 170
C

40
70
890
830

25
115
860
765

73
97
830
708

43
68
889
765

2 3

170-230 230-270
C C

430
30

54.0

540

435
26
539
514

520
40
440
387

460
35

50 5

464

4

270-310
C.

THE USES OF LOW TEMPERATURE TAR

(a) DIRECTLY AS FUEL

Low temperature tar as made is suitable as a fuel for Diesel engines once it

has been dehydrated and freed from suspended solid matter. Its calorific value

ranges from 16,000 to 16,500 B Th U per Ib
, bub owing to its flash point being

below the atmospheric temperature it does not conform to the Admiralty specifi-
cation of 175 F Any attempt to remove the light spirit from the tar to correct
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TABLE XXXIII

Low TEMPERATURE TAR. DISTILLATION RANGES OF WASHED OILS FROM CRUDE
FRACTIONS

Tomperatmes
C

Dalton
Mam 2

Mitchell
Mam

Ellislown
Main

Mixtmo of

Mitchell Main
and

Elhstcnvn Mam

1st Fraction (to I 70 0.

100

no
120

130

140

150

160

(Continued on next page.]
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TABLE XXXIII (continued]
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TABLE XXXIV

Low TEMPEEATUBE TAB. DISTILLATION KANGES OP SEPABATE TAB ACIDS

(PEBCENTAGE BY VOLUME)

Distillation

tompoiaturcs

From crude fraction 170-230 C
0-191 C
0-196

0-198

0-200

0-202

0-204

0-210

0-220

From etude fraction 230-270 C.

0-210 C
0-220

0-230

0-240

0-250

0-200

0-270

From crudefraction 270-310 C
0-230 G
0-270
0-310

Dalton.

Mam 2

69
168
295
437
522
61 1

Mitchell
Mam

14 1

34-7

470
568
640
700
825
90 4

342
623
782
832
877
895
91 6

5 1

356
62 6

Ellistown
Main.

87
144
234
372
472
556
73 7

87 3

84
438
637
738
794
837
866

47
266
635

60 per cent

Mitchell

Main
40 per cent

Elhstown.
Mam

35
59
132
257
360
503
71 9

86 2

156
509
696
794
845
87 6

894

36
353
680

SPECIAL FBAOTIONATION OP TAB ACIDS FBOM DALTON MAIN COAL 2

Percentage by volume of tar

Gallons per ton of dry coal

To 204

543
071

Fraction.

204-230 C.

594
077

230-310 C

497
064
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this would result in so much, thickening that the residue would fail to pass the

tests for viscosity.

The adaptability of the crude oil for mixture with natural oils has been inves-

tigated at H.M. Fuel Eesearch Station, and it has been there found that out of seven,

oils chosen, two (American and shale oils) were quite immiscible, while with

Burmese, Texas and Mexican oils the only stable mixtures were those containing
less than 25 per cent of crude oil. With Persian oil up to 10 per cenb of tar can be

added, but separation occurs in all other mixtures With only one oil Tumdad
was complete miscibility found, and even m this case the application of heat was

necessary Details of these miscibility tests are given in Table XXXVI. 1

TABLE XXXV

WASHED AND REFINED OILS FROM TAB CALCULATED TO GALLONS PER TON OF
DRY COAL

Coal carbonised

Original yield of tar

Fi action 0-170 C
Original fraction

Washed spirit

Washed and refined spirit

Fraction 170-230 C
Original fraction

Washed oil

Washed and refined oil

Fraction 230-270 0.

Original fraction

Washed oil

Washed and refined oil

Dalton
Mam 2.

1400

156
139
1-30

290
1-57

157

185
100
096

Mitchell

Mam

1625

2 13

1 83

1 03

83

53

4G

36

31

23

Elhstown
Main

1287

122
101
08G

253
1 11

098

188
084
076

60 poi cent

Mitchell

Mam
40 pci conl
Ellistowu
Main

1551

168
1 49

J 29

278
] 40

] 29

224
114
102

1 Fuel Research Board Report for Years 1920, 1921 ; Second Section "Low Tempoiature
Carbonisation

"
(H M Stationery Office )
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Coal caibonised

Ft action 270-310

Original fraction

Washed oil

Washed and refined oil

Total of original fractions

Total washed and lefined oils

Total tar acids crude

Total tar acids refined

Pitch, Ib per ton of dry coal 675 759 569 749

SPECIALLY SEPARATED OILS FROM DALTON MAIN TAR 2

Light naphtha to 160

Heavy naphtha, 160-200

Burning oils, 200-270 C

Gas oil, 270-300 0.

Light lubricating oil, 300-360
C

Total 35 33 493
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TABLE XXXVI

MlSCIBILITY OF LOW TEMPEBATUKE TAB WITH NATURAL FUEL OlLS
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Although, the crude oil from low temperature carbonisation is not usually

miscible with natural petroleum, several methods of treatment have been from time

to time suggested m order to overcome this difficulty In the Leasing
1
process,

tar is mixed with a petroleum spirit which causes separation of the pitch, the

mixture of oils and solvent being then subjected to steam distillation for recovery
of the latter.

A sample of low temperature tar obtained from Arley coal was treated

by Dr. Lessing according to the above process This process consists m
separating oils and pitch from tar by treatment with petroleum spirit free from

aromatic hydrocarbons, whereby the pitch is precipitated and all the oils are dis-

solved. The process is carried out at a temperature above the melting point of

pitch and below the initial boiling point of the solvent, and thus a sharp separation

of pitch and oils is obtained at a temperature of approximately 100 Tar acids

and bases may be extracted from the oil solution and the solvent subsequently
distilled off, condensed and re-used without cooling, all operations being carried

on in a continuous cycle. The tar acids and bases may alternatively be extracted

after the removal of solvent.

The following products were obtained :

(1) Liquor

(2) Crude Oil, i e oil after separation of pitch and low boiling fractions to 140 0.

(3) Neutral Oil, i.e crude oil after removal of tar acids and bases

(4) Tar Acids

(5) Tar Bases

(6) Pitch

The yields were as follows ,

'

Neutral oil 56-1%
Crude tar oil 80-7% Tar acids 244%

Tar bases 0-2%
Pitch 16-9%

By ordinary distillation this tai yielded 44-2 per cent by weight of pitch. W-hen

the oils are distilled from an Bngler flask only about 70 per cent can be distilled

below 360, leaving 30 per cent pitch This, with the 16-9 per cent removed in the

Leasing process, corresponds to 43-1 per cent on the original tar

The crude oil and neutral oil were both found to be miscible in all proportions

with a typical petroleum fuel oil. The oil solution was "
cut

"
so as to minimise

the loss of the low boiling constituents of the original tar Consequently no attempt

was made to bring the oil within the Admiralty specification as regards flash-point.

By fixing a
"
cutting

"
point, which will make the oil comply with the specification,

1
Leasing, R Patent No. 130,362

M
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a certain percentage of solvent is furnished by the lower boiling constituents of the

tar itself

The viscosity and setting points of both ciude and neutral oils are well within

the Admiralty specification.

It is as yet too early to form any accurate idea as to whether the cost of treatment

by this method would be such as to make it commercially piacticable, but experi-
mental work is going on at II M Fuel Research Station and elsewhere, upon tho

lines indicated

(6) As PUELS AFTER DISTILLATION

It is not necessary, however, that the tai should be used m tho crude state.

By fractionation and refining good fuel and lubncating oils can be obtained,
as well as a quantity of light spirit which, when added to that obtainable by
scrubbing the gas, gives a mixture whose propel ties are veiy hinnl.u to those of

a good quality petrol, and so is very suitable for use as motoi Hpnit The figuicB

already shown in Table XXXV and presented m slightly modified foim m T.ible

XXXVII are those obtainable by fractionation and lefiiung of <i t,u wlu< h was
obtained by the carbonisation of Dalton Main coal The losses by lelnmig ,ue of

course considerable, but the products are of good quality

TABLE XXXVI E

SEPARATED PRODUCTS FROM TAR FROM DALTON MAW COAL

Total tar per ton 14 galls Sp gi 15 (.' ^H "i yY'on"

1

Light naphtha, to 160 C 821) 1 15

Heavy naphtha, 160-200 C 870 () r,l

Burning oils, 200-270 93(5 1 (i7

Gas oil, 270-300 C. 970 7(>

Light lubricating oil, 300-360 C! 1 005 071

Total 4 93
Loss in refining ;} 4 1

Tar acids 212

Total
~L_i~4(i

Pitch __ 07 5 H)

(c) TAR ACIDS

The tar acids, amounting as they do to 15 to 25 per cent of the total tar made,
may also be found to have a considerable commercial application, as, for example,
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m the manufaclure of disinfectants The actual yields of tar acids quoted in the

literature available on the subject seem to vary rather widely. Some of these

figures are shown m Table XXXVIII.

TABLE XXXVIII

YIELDS OF TAR ACIDS FROM Low TEMPERATURE TAR

Tar Aoida as per cent of Tar.

Jones and Wheelei (Vacuum Tar) 0-7

Parr and Ohn 27 9

S R Church, Illinois 50

Carbocoal process 14 7

Tozei process . 22
"
Sensible Heat

"
(Nielsen) process 20

Fuel Research Station 15-25

In view of the wide variation in the yields, the figures accepted as probably

representing average values are those of H M Fuel Reseaich Station The highest

figure was obtained with a coal of high oxygen content It is posnible, therefore,

to obtain by low tempeiatme caibomwvtion a yield of valuable tar acids up to

3 gallons per ton of dry coal caibomsed

The composition of these phenols has not been determined on any tar made

by a large-scale piocess, but several investigators have indicated the substances

obtained on an expei nnental scale Jones and Wheeler in vacuum tar found chiefly

ciesols and xylenols Pictet found no lowei phenols in lun tar except after it had

been standing for S'eveial yeais, when he found phenol and the three crcsols

Fihchei and otlieis have indicated the possibility of yields up to 50 per cent

of the till and have made a lough separation of the compounds as follows

Pei cent of Tar

Ciesols 1-2 (chiefly w-crcsol)

Xylonols 1-2

Higher Phenols . 30-32 (containing trimothylphenols)

Acid Resins 10

Morgan and Soule give the following composition of phenols found in tar from

the Carbocoal process .

Per cent of Tar.

Phenol . 6

Cresols . 4-9

Xylenols . 2-8

Higher Phenols . 5 1

Resins . 1-3

14-7
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In this case the lower homologues are in much higher proportion, and also all

three cresols were m evidence in the proportions of 27 per cent ortho, 19 per cent

meta, and 54 per cent para, or in contradiction to Fischer's tar, with the m-cresol

in the minority. In the tars examined at the Fuel Kesearch Station no phenol
was present, about 5 per cent of cresols and 11 per cent of xylenols and higher

phenols.
Low temperature tars have been shown to be particularly useful in the manu-

facture of disinfectants. It may probably be assumed that this is due to the high
bacterial co-efficients of the higher phenols and the high proportion in which they
are present.

YIELDS OF LOW TEMPERATURE TAR
The yields of tar obtained mH M Fuel Research Station horizontal setting from

a variety of coals, vary from 13 7 gallons to about 15 gallons per ton of coal car-

bonised, being about 60 per cent of that given by similar coals carbonised in the

laboratory assay apparatus It is of course not impossible that, by modification

of the plant, yields more nearly approaching the theoretical might be obtained
,

but the figures quoted above illustrate the difficulty which is always experienced
in large-scale plant in obtaining the maximum tar yields In then: e&timates of the

quantity of the products obtainable from low temperature carbonisation if and

when it is established on a national scale, the Fuel Research Board adopt 145

gallons per ton of oil as the average quantity which could be relied upon from a

fairly wide range of coals.



CHAPTER XIV

THE PRODUCTS OF LOW TEMPERATURE CARBONISATION

MOTOR SPIRIT

INTRODUCTORY

MOTOR spirit is available from both, the gas and tar of low temperature carbonisa-

tion processes From the latter its recovery is simple, and practically the whole

of the tar fraction to 170 C can, when rectified, be utilised This fraction, as

shown in Table XXXV, amounts to about 10 per cent of normal tar production ,

the available yield of fine spmt is therefore of the order of 1 0-1 6 gallons per ton

of coal carbonised This refined spirit consists chiefly of the higher paraffins witk

some benzene and toluene and open chain unsaturated compounds

RECOVERY OF MOTOR SPIRIT FROM GAS

The spirit m the gas can be recovered only by some scrubbing or condensation

process. An example has already been quoted of the first piocedure in which

paiaffin oil was used as the scrubbing or condensing agent, and the spirit obtained

by rectification l In this expeimiental work the yield of light spmt represented

67-1 23 per cent of the coal caibonibed, or from 2 0-3 8 gallons per ton of coal

In composition the spurt proved to be a mixture of saturated and unsaturated

hydrocarbons, naphthenen, and complex aromatic hydrocarbons Benzene was

not present in any of the spirits examined, although its presence in email quantities

in the products of low tempeiature distillation is noted by Wheeler, Parr, Olm
and others

In the Report of the Fuel Research Board for 1920, 1921,
2 an account is given

of the recovery of spirit by means of scrubbing with gas oil the low temperature

gas made from Dalton Mam coal The work was carried out on a small scale, and

gave a yield of refined spirit of 1 40 gallons per ton of coal at a specific gravity of

731 at 15 C. This work has since been repeated upon a larger scale, and a similar

return obtained. The details of the Email-scale test are shown m Table XXXIX 2

together with the distillation range of the refined spirit

Other methods for the recovery of this light spirit from gas have been suggested,

and in particular activated charcoal has been used by several workers as a con-

densing medium. A Engelhardt
3 has described its use for the recovery of benzol

from illuminating gas in a process whereby the gas is passed through activated

1 Fischei and Gluud "Meme Forschungsorgebmsse auf dem Gobiet dor Kohlenextraktion."'

Gluckauf, 52, 721-9
2 Fuel Research Board. Report for Years 1920, 1921 ; Second Section

" Low Temperature
Caibomsation

"
(H M Stationery Office )

a A Engelhardt
" Benzene Recovery by means of Active Carbon." Gas Jowwil, 159, 421 , Gas-

u. Wasserfach, 1922, 65, 473,

181
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charcoal, the condensed vapours being liberated after a suitable period by the

action of superheated steam. After drying, the charcoal is used again A graph
is there given showing the sorptive power of charcoal for benzene, alcohol, etc The

TABLE XXXIX

SCRUBBING- TESTS ON Low TEMPERATURE COAL GAS FROM
' DALTON MAIN COAL 2

Gas yield 3200 cu ft per ton of dry coal

Teat 1 Tost 2

Duration of test, hours 81 50
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concentration of solvent vapour in normal low temperature coal gas is of the

order of 60-80 grammes per cubic metre, and it may be seen from the graph that

fairly high sorptive powers may be obtained for benzene at this concentration.

Whether the hydrocarbons present m low temperature gas are as readily condensable

yet remains to be determined Should they prove to be so, the method would appear
to be distinctly promismg.

QUALITIES OF THE SPIRIT AS A FUEL FOE INTERNAL
COMBUSTION ENGINES

No adequate work has yet been undertaken on the applicability of low tem-

perature spirit to the purposes of internal combustion engines Prehmmaiy
tests, however, which have been carried out at H M. Fuel Research Station, indicate

that it is likely to prove entirely suitable

When the distillation ranges of the refined spurts are examined it is seen that

the spirit collected from the gas is extremely light So much is this the case that,

when mixed with the heavier tar spirit, a mixture is produced which is similar

m its main properties to the petrol at present marketed The presence of an

appreciable light fraction is, moicovei, a decided advantage fiom the point of view

of the starting of a cold engine Table XL gives the icsultH of a few experiments
winch indicate that the explosive range of the spurt is greater than that of petiol
or benzol

TABLE XL

EXPLOSIVE RANOE OJF ROME MOTOR SPIRITS

Explosive Range
Spirit cc Spirit por cu ft of An

at 15 (J

Benzol, Sp Gr 881 27 to G-7

Petrol B P No 1, Sp Gr 723 2 5 to 73
Spirit from Gas . 2-3 to 95
Mixture 50/50 2 5 to 10 5

As regards miscibihty with other motor fuels, the following conclusions have

been formed :

(1) That the spirit is miscible in all proportions with petrol and the benzol of

the British Standard specification.
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(2) That with alcohol the irascibility depends on the strength ol the alcohol.

The solubility of the spirit at 10 C m alcohol is as follows .

Spirit from Gas Spirit from Tar

Alcohol 95% by vol. 74-2

90% by vol. 16-3

85% by vol. . 71 257

(3) That with benzol and 95 per cent alcohol mixed in equal proportions the

miseibility of the spirit at 10 0, was 60 per cent, or the mixture con-

tamed .

Spirit . 60

Alcohol 95% 20

Benzol 90% . 20

(4) That the slight tendency which even refined spirit has to darken on standing

owing probably to resimfication taking place, is prevented by the alcohol
,

or, in other words, the resins formed are not deposited, but retained m
solution by the alcohol.

It would appear, therefore, that, so far as experimental work has yet indicated,

the spirit from low temperature carbonisation is suitable for use in internal com-

bustion engines, either alone or in admixture with alcohol, benzol, or petrol

The total yield of motor spirit from gas and tar under favourable conditions,

will amount to about 3 to 4 gallons per ton of coal carbonised.



CHAPTER XV

NITROGENOUS PRODUCTS FROM COAL

INTRODUCTORY
THE ammonia obtained in most processes of low temperature carbonisation

does not form an asset of any importance in the balance sheet ;
indeed at present

prices it would in many cases hardly pay for its recovery. In a limited number
of processes, however, the conditions are such as to render it possible to obtain

yields approaching those of coke ovens or gas works, but even then it will often be

found that disadvantages have presented themselves which more than offset the

increase in value in the ammonia yield.

In order to study the subject of ammonia production by low temperature

carbonisation, it is necessary to discuss the matter from a fairly wide point of view

m order to see clearly the reasons which he behind the low recovery of nitiogen
m the subject under consideration The present chapter will therefore be devoted

to a short discussion of ammonia recovery in the various processes of gas and coke

manufacture m addition to that of low temperature carbonisation

THEORETICAL AMOUNT OF AMMONIUM SULPHATE FROM COAL

The usual nitrogen content of bituminous coals vanes from about 1 3 per cent

to 1 6 per cent, or from 29 Ib to 36 Ib per ton of coal Were it possible to convert

the whole of this into ammonia, the production would lie between 35 Ib and 44 Ib

of ammonia, corresponding to ammonium sulphate yields of 137 Ib. and 170 Ib

per ton of coal

YIELD OF AMMONIUM SULPHATE IN THE CARBONISATION
INDUSTRIES

In the ordinary carbonisation industries, the production of ammonia, which

is shown m Table XLI from the Final Report of the Nitrogen Products Committee,

1920, falls far below that theoretically possible from the nitrogen in the coal, and

TABLE XLI

PRODUCTION OF AMMONIUM SULPHATE PROM COAL

(Nitrogen Products Committee)
Ammonium Sulphate

Industry. Year. (Ib per ton of Coal),

Gas Works . . . 1911-13 227-23-0
. 1917 224

Coke Ovens (All types) . . 1917 18-0

(Recovery) . 1917 240
Gas Producers . . 1911-13 84-8

. 1917 663
185
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for the usual gas works and coke oven practice amounts to little more than 20 Ib.

per ton of coal. For gas producers, the yield is greatly increased, and in the Mond

producer, where 2 to 2-| tons of steam are introduced per ton of coal carbonised,

the production of ammonium sulphate reaches 90 Ib., or some CO per cent of the

theoretical yield. The reasons for these wide divergences will bs discussed later.

PRODUCTION OF AMMONIA IN THE THERMAL DECOMPOSITION
OF COAL

The amounts of ammonia which are evolved when a coal is carbonised vary
with the temperature attained. Anderson and Roberts 1 in 1898 showed that when
coal is heated out of contact with air the temperature at which the evolution of

ammonia begins depends upon the "age
"

of the coal in question, and varies from

333 C. for
"
young

"
coals to as much as 480 C. for anthracites In 1908 this result

was confirmed by Christie,
2 who showed that, while the evolution of ammonia

begins at about 350 C. in the case of gas coals, it is delayed until about 450 C for

anthracites He stated that the main evolution is found between 500 C and

700 C
,
and that beyond this upper temperature little further evolution occurs

Later, Simmersbach 3
gave figures showing the relative amounts of nitiogen occur-

ring in coke, gas, ammonia, tar and cyanogen at different carbonisation tempera-
tures His figures, which are given in Table XLII, show that ammonia production
is a maximum at 900 C

,
but that even at 1200 C more than 25 per cent of the

original nitrogen is retained in the coke.

TABLE XLII

AMOUNTS OP NITEOGEN IN THE PBODUCTS OF COAL CAEBONISATION

(Simmersbach)

Temperature of Percentage of Nitrogen in

Carbonisation
C Ammonia Gas Tar Cyanogen Coke.

600 781 18-13 212 025 7169
700 1813 12-13 365 066 6543
800 2128 10-73 347 087 63-65
900 24-12 12-14 415 1-19 5840

1000 2315 2153 411 123 4998
1100 . . 2309 30-51 370 131 41-39
1200 2284 4510 421 142 2643

1 Anderson and Roberta " The Recovery of Nitrogen in Coal Distillation
"

Journ Soc Chem.
2nd , 18, 1099 2 Christie Inaug Dies , Aachen, 1908.

3 Simmersbach "
Untersuchungen ober die Bildung von Ammomack mid Zyanwasserstoff bei

der Steinkohlen Distillation
"

StaJtl und Eisen, 1914, 34, 1153, 1209.
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Several workers have since given attention to this important subject, and

ttention may be drawn in particular to the results of Burgess and Wheeler,
1

vluch are given in Table XLIII These investigators distilled 2 grammes oi coal

,t temperatures ranging from 350 C. to 900 0. in steps of 100 degrees, and the

apid removal of the products evolved in each stage was provided for With a

hlkstonc coal the evolution of ammonia continued up to 900 C In a repetition

f the experiment, this time m a vacuum, the evolution of ammonia began below

50 C and continued to 600 C
,
above which temperature no further ammonia

sras expelled

The amounts of ammonia evolved in these experiments again represent only

small fraction of the total nitrogen of the coal heated It must, however, be

orne in mind that ammonia is a gas which, under the influence of heat, readily

issociates into its constituent elements The actual ammonia yields do not

kerefore necessarily express the amounts formed, but only that which has survived,

artial dissociation undoubtedly adversely affecting the yield

TABLE XLIII

AMMONIA GAS EVOLVED AT DIFFERENT TEMPERATURES

(Burgess and Wheeler)

empcratme C . . 450 500 600 700 800 900

otal Gas evolved in COM poi

giammeofcoal 120 299 990 1240 2180 2G8

eicentage of NH 3 47 1 35 MO 1 GO 1 00 1 00

DISSOCIATION OF AMMONIA

Eamsay and Young
2 have shown that the decomposition of ammonia gis by

3at starts at 500
,
and under favourable conditions, which depend largely

pon the area and nature of the smfacce to which the gas is exposed, is practically

)inpleto at 800 C This temperature is, however, that at which in gas-making
"actice the highest yield of ammonia is produced, as is well illustrated in Table

LIV given by Lewes 3 and as would be anticipated from the work of Christie,

mmersbach and Burgess and Wheeler.

Later work has shown that the explanation of this apparent contradiction is

> be found m the retarding action of certain of the constituents of the gaseous
oducts of caibomsation upon the normal rate of dissociation of the ammonia

IS

1
Burgess and Wheeler.

" The Volatile Constituents of Coal " Trans Chem Soc , 1910, 97, 1917.
2 Eamsay and Young. "The Decomposition of Ammonia by Heat." Trans, Chem. Soc,, 1884, 88.
3
Lewes, Vivian Carbonisation of Goal (Bonn Broa

)
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Recently, Mott and Hodsman 1 have made a study of the decomposition at

different temperatures of mixtures of 1 per cent to 2 per cent of ammonia with

various other gases, for example coal gas, hydrogen and nitrogen, the experiments

being carried out in the presence of a firebrick
"
chattered

"
by the attack of salt

vapours in a coke oven

TABLE XLIV

AMMONIUM SULPHATE AT DIFFERENT TEMPERATURES (Lewes)

Temperature Ammonium Sulphate.
0. Ib. per ton of Coal.

400-500 . 12

500-600 . . 15

600-700 17

700-800 20

800-900 26

900-1000 . 24

1000-1100 . . 20

In nitrogen the decomposition of ammonia was found to be perceptible at

500 C
,
and was complete at 600 C In hydrogen, however, the dissociation was

;heeked, the same speed of decomposition being reached at temperatures about

150 higher than in nitrogen. For example, at 660 C
,
when the ammonia

vas almost completely decomposed in the atmosphere of nitrogen, decomposition
n hydrogen was only ]ust measurable.

In a mixture of 1-2 per cent of ammonia with coal gas, 3 per cent of water

rapour was found to reduce the dissociation at 700 C. from 17 per cent to 2 per

:ent, and at 800 C from about 90 per cent to about 30 per cent At 850 C.

Lissociation was completely arrested when about 25 per cent of water vapour was

>resent in the mixture It was therefore concluded that water vapour exerts a

trong preservative action on the ammonia diluted with coal gas.

It has been suggested that as the dissociation of ammonia is closely related to

he prevailing temperature, the presence of oxygen may increase ammonia losses

iy causing local rise of temperature In Mott and Hodsman's experiments,,

owever, small proportions of oxygen were found to retard dissociation The

xplanation of this fact was ascribed to the probable preferential union of the

xygen with hydrogen to form water vapour, the latter having been proved to

sercise a strong inhibitory effect upon decomposition of ammonia.

1 Mott and Hodsman. "
Factors influencing the yield of Ammonia in the Carbonisation of

ml." Gas Journ , Aug. 15 and 22, Sept. 12, 1923.
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AMMONIA PRODUCTION IN AN ATMOSPHERE OF HYDROGEN
Tervet 1 in 1883 passed a current of hydrogen over coke heated to redness in

an iron tube, and found that large volumes of ammonia were emitted, the aggregate

ammonia yield from the coal being increased by about 100 per cent. From a

hard, high temperature coke, however, heating in hydrogen did not produce
ammonia. Tervet's results were confirmed and extended by Beilby

2 in 1884.

Further work was described in 1908 by Christie,
3 who found that a current

of hydrogen had practically no effect upon the distillation of coal at 480 C
,
and

that further, when a gramme of Shamrock coke was heated at 670 C. in a stream

of gas containing 55 per cent of hydrogen, there was no diminution in the nitrogen

content o! the coke brought about. He concluded, therefore, that the action of

the hydrogen was not to cause an increased emission of nitrogen from the coke,

but only to dimmish the dissociation of the ammonia formed

Cobb 4 has determined the action of hydrogen upon soft, medium and hard

cokes (made respectively at 500 C
,
800 C. and 1100C) heated successively

at 600 C
,
800 C. and 1000 C

During the coking process to 500 C
,
21 6 per cent of the nitrogen of the coal

had been expelled in various forms, 78 4 per cent remaining m the soft coke

Fuither heatuig in hydrogen reduced the nitrogen content in the coke to 28 2 per

sent of its original value (22 1 per cent of that in the original coal) ,
but of the 718

per cent loss which this represents, only 34 2 per cent (or 26 8 per cent calculated

MI the nitrogen content of the coal) appeared as ammonia, the remaining 37-6 per

3ent (29 5 per cent calculated on the coal) having been lost chiefly as free nitrogen

The effect of the heating was practically complete at the 800 C stage, there being

iittle further loss of nitrogen or recovery o ammonia in the stage of heating at

1000 C.

Similar treatment of the medium coke, which retained 49 7 per cent of the

utrogen of the original coal, resulted in a loss of 41 per cent of its nitrogen

20 6 per cent calculated on the nitrogen content of the original coal), of which,

lowever, only 3 9 per cent appeared as ammonia. Further experiments showed

hat the evolution of ammonia was not yet completed, and that prolonged heating

vould have resulted in more coming off.

With the hard coke, produced at 1100 C., there was no diminution of nitrogen

ontent on heating in the hydrogen atmosphere, and no ammonia was evolved

1 Tervet.
" On the Production of Ammonia from Coke, resulting from tlxe Destructive Distillation

f Coal
" Journ Soc Chem Ind

, 1883, 3, 445
-
Beilby, Sir G " On the production of Ammonia from the Nitrogen of Minerals." Journ. Soc

'hem Ind , 1884, 3, 210.
3 Christie. Inaug. Lisa , Aachen, 1908
*
Monkhouse, I., and Cobb, J. "The Liberation of Nitrogen from Coal and Coke aa Ammonia "

,eport of Gas Research Fellowship, 1921 , Trans. Inst. Gas Bng., 1920, 1921, p. 543.
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Briefly, then, the action of the hydrogen on the soft coke effected a considerable

attack on the nitrogen present in the coke, and there were formed increased

quantities of ammonia, recoverable because formed under suitable conditions.

With the medium coke the effect of the hydrogen was less marked and the amount

of ammonia recoverable was smaller, whilst the hydrogen did not attack the hard

coke at all The rate of recovery of ammonia was always more rapid at 800 0.

than at 600 C.

In an extension of this work 94-3 Ib. of sulphate of ammonia per ton of coal

was obtained by heating a soft coke slowly in hydrogen in stages to 1 000 C.

Between 800 C. and 900 C the coke lost 117 per cent of its original nitrogen, of

which 6 5 per cent appeared as ammonia
,

while from 900 C to 1000 C only

3-1 per cent of the 94 per cent of nitrogen lost from the coke was obtained

as ammonia. Even above 1000 C some ammonia was formed and escaped

decomposition.

It was therefore concluded that the piesence of hydiogen in the preliminary

carbonising period 500-800 C "in addition to any preservative action m
retarding the dissociation of ammonia once formed, has a specific action in that

it is capable of liberating a portion of the ammonia which would otherwise be a

stable constituent of the coke
"

At 1000 C. the nitrogen in the coke had been reduced to 11 2 per cent of its

original value, and was still decreasing, but the rate of emission had become very

slow, and was chiefly in the form of free nitrogen.

AMMONIA PRODUCTION IN AN ATMOSPHERE OF STEAM

In his presidential address on ammonia supplies to the Society of Chemical

Industry m 1889 Mond remarked that it had been the custom in his laboratory
to estimate nitrogen in coke by burning the coke in a current of bteam, which

converted the whole of the nitrogen present into ammonia The effect of steaming
in increasing the ammonia yield m carbonisation processes is well known.

Foliowing upon then: earlier work, Monkhouse and Cobb 1 set themselves to

determine what amounts of additional ammonia it is possible to obtain from a

coke after the first period of heating to 500 C. is passed, by further heating (1) in

an inert gas such as nitrogen, and (2) in such a
"
potentially reactive

"
gas as

hydiogen or steam, which might be capable of attacking nitrogen compounds with

formation of ammonia.

By heating to 800 C. in the nitrogen atmosphere, ammonia to the extent of

about 10 per cent of the nitrogen of the coke was evolved, but the total loss of

1 Monkhouse and Cobb " The Liberation of Nitrogen and Sulphur from Coal and Coke." Report
of Gas Research Fellowship, 1922 ; Trans. Inst Gas Sng , 1921, 1922, p 137.
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nitrogen from the coke was about three times this amount, the rest being accounted

for as free nitrogen. A stream of hydrogen was then substituted for the nitrogen
and further ammonia immediately resulted, ultimately equivalent to a further

31 per cent of the nitrogen of the coke. The remaining coke was then subjected
to steam, and additional ammonia to the extent of 39 per cent was recovered.

Determinations of the nitrogen content of the residual coke after each stage showed

that the ammonia production in the last two stages agreed with the nitrogen losses

from the coke It was found that, by submitting the coke to a steam current only,

the same final yield of ammonia was obtained. When carbonisation was carried

out in steam throughout it was possible, within the errors of experiment, to obtain

the whole of the nitrogen of a coal as ammonia, which was liberated much more

rapidly than m hydiogen.
When a hard, high temperature coke was heated in steam, the nitrogenous

constituents of the coke were attacked, but the liberation of ammonia was far

slower than in the case of soft coke
,

there was, however, a steady evolution of

this gas. Free nitrogen was also shown m the balance sheet, suggesting decom-

position of some of the ammonia formed

NATURE OF THE NITROGENOUS CONSTITUENTS OF COAL

It may be infencd from the icsulis obtained by Simmeisbach, Cobb and

Monkhoiifie and otheis, that the nitrogen in coal IK probably picsent m more than

one foim One of the nitrogenous constituents apparently gives ammonia on

simple distillation, while Ihe other (or otheit.) is more stable, but is attacked by

hydiogen 01 steam with foiniation of ammonia

Christie suggested that coal contaniK
" muno "

mtiogenous compounds which

decompose below 900 C yielding ammonia,, and vciy stable
"
nitride

"
forms,

which remain m the coke alter ordinary caibom&ation, but which aie gradually

expelled as free nitrogen when the tempoiature M raised from. 900 C. to 1900 C.

Cobb suggests that there is indication of
" ammo "

groups, which give ammonia

by simple distillation, and more stable compounds which are possibly complex

ring formations with nitiogen existing in the ring

PRODUCTION OF AMMONIA IN GAS WORKS PRACTICE

In normal gas-making the primary formation of ammonia occurs by the

decomposition by heat of nitrogenous organic substances in the coal, followed by
its secondary formation at higher temperatures produced by the action of the

hydrogen in the coal gas upon the soft coke at a red heat. This ammonia, as the

temperature rises, would undergo more and more dissociation, and would con-

sequently be evolved in ever-decreasing quantities, until at about 800 C. the
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production would be nil, were it not for the checking action of the hydrogen present

upon the dissociation process, which, as has been shown, exercises a marked influence

upon the ammonia yield.

The explanation of the effect of steaming in vertical retorts on the ammonia

production becomes clear from the previous considerations. The advantages of

steaming for high temperature carbonisation are unquestionable. It is now clearly

established that increased therms m the form of gas and increased quantities of

tar and ammoniacal liquor are to be obtained by this method, although the quantity

of coke is reduced. In regard to the production of ammonium sulphate, full-scale

experimental work at H,M Fuel Research Station 1
produced the results given in

Table XLV.

TABLE XLV

EFFECT OF STEAMING ON PRODUCTION OF AMMONIUM SULPHATE

Percentage of Ammonium Sulphate
Coal Steam (Ib per ton of coal )

Consett . Nil 1465
5 24 17 30

20 95 20 00

Mitchell Mam Gas Nuts Nil 16 27

5 06 18 75

12 44 21-8

20 53 21 2

30 03 21 95

Mam and Ell, Lanarkshire . Nil 32 6

22 05 43 9

Salmang
2 has stated that the ratio of carbon to nitrogen m coke remains constant

whilst gasification in steam IB taking place. If this observation is substantiated,

only limited steaming could be used for increasing ammonia production in such

processes as are designed to yield coke as a principal product. Cobb has suggested

that at each temperature stage m steam there is probably a double reaction

taking place (1) a decomposition of ammonia yielding compounds in the coke

such as accompanies a rise of temperature even in an inert atmosphere of nitrogen ,

and (2) a reaction also liberating ammonia, but accompanied by and probably
conditioned by the gasification of the carbon of the coke.

1 Fuel Research Board Report for Years 1920, 1921 First Section "
Steaming in Vertical

Gas Retorts
" (HM Stationery Office

)

2
Salmang

"
Dissertation der Techmschen Hoehschole Aachen," 1914 See, Markgraf "Ammonia

Formation m the Gasification of Coke and Coal by Steam and Air
"

Journ Soc. Ohem Ind , 1916, 35,
356 , Stahl und Eisen, 1915, 35, 905,
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YIELD OF AMMONIA IN LOW TEMPERATURE CARBONISATION

In view of the widely divergent, and in some cases extravagant, claims of some

inventors for the yield of ammonium sulphate by their respective processes, it has

been considered desirable to discuss at some length the latest; researches in the

nitrogenous products from coal It is evident from what has been said, that in

carbonisation processes so effected that no part of the coal is heated to temperatures

higher than 600 0.
3
the yield of ammonium sulphate from bituminous coal will

be of the order of 15 Ib per ton, though, even m this case, if the products are

subjected unnecessarily to the full temperature of the retorts for any considerable

time, a proportion of the ammonia will be decomposed in accordance with the

results of the investigations of Ramsay and Young and Mott and Hodsman. At

such comparatively low temperatures, however, such losses are not usually very

considerable, the greater part of the nitrogen of the coal still being retained in the

In processes where carbonisation is carried out m stages, it is possible, without

alteiing the nature of the products first driven oil, to bocure increased aggregate

yields of ammonia by the subsequent attack ol the hydrogen in the coal gas liberated

upon the nitrogen m the hot coke, and its further action in retarding dissociation

For example, m the
"
Pure Coal Briquette

" and the
"
Sensible Heat "

(Nielsen)

systems, where the tempeiatme is giaded in nuch a way that the coke first formed

passes through successively increasing zones of temperature, the amount of nitrogen

liberated as ammonia is continually augmented as the temperature rises The fact

that the gases escape via the cooler end of the ictoits tends to piescrve this

additional quantity of ammonia
A readily available way of determining the possible yield of ammonia fiom coal

ie provided by the assay method already mentioned The yields of ammonia

from various coals as given by this method have been correlated with those obtained

from the same coals m horizontal retorts at H.M Fuel Research Station, and

have been found to be substantially the same. 1

In Borne of the pi oposed manufacturing processes the yields quoted are extremely

high when the above considerations are taken into account. Some of these claims

nay be justifiable in those cases where the conditions favour the production of

immonia by the secondary reaction, but in the majority of cases it is extremely

mlikely that yields exceeding 12 Ib of sulphate of ammonia per ton of coal can

)e obtained. In both the assay apparatus and the horizontal steel retorts of H.M.

?uel Research Station the yields varied from 5 to 10 Ib. per ton according to the

ype of coal carbonised.

1 Fuel Research Board Report for Years 1920, 1921 ; Second Section :
" Low Temperature

'arbomsation." (H.M. Stationery Office.)
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In a normal bituminous coal containing 5 per cent moisture, the yield of liquor

per ton of coal would be approximately 10 gallons from the coal itself, and 11 gallons

from the moisture, or a total of 21 gallons

In order to pay for recovery, this liquor would require to be of at least 8 oz.

strength or about 1-7 per cent ammonia. The liquor as collected would therefore

have to show a recovery of 14 Ib per ton to reach this strength. Otherwise it

would be necessary to circulate the collected primary liquid in an ammonia scrubber

until it had reached the desired strength of 1-7 per cent ammonia It is practically

certain that only a small proportion of the total liquor formed could^e concen-

trated in this way, and in view of the small yield available for sale and the low

prices ruling at the present time, it will be seen therefore that ammonia recovery
is hardly worth taking into account in the balance sheet of a straight low temperature

process.

Apparently no special examination of the distribution of other nitrogenous
bodies or of sulphur compounds in low temperature liquor has yet been carried

out
;
but these will probably bear some similarity to those found in normal gas

liquor, although then: distribution will certainly be different.



CHAPTER XVI

PROCESSES EARLY WORK

INTRODUCTORY

ALTHOUGH it had been known for many years that the distillation of coal yielded

an inflammable gas, it was not until tho close of the 18th century that coal gas was

utilised for the production of light and heat This was due to the pioneer work

of William Murdoch, who may rightly be considered the founder of the modern

gas industry. Murdoch's experimental work, begun in Cornwall in 1792, and

continued in the Soho works of Messrs Boulton and Watt, of Birmingham, in 1799,

was BO far successful that the gas was used in connexion with an outdoor illumination

to celebrate the Peace of Amiens in 1802 In 1810, the first Act of Pailiament was

obtained for the formation of a Statutory Company to supply coal gas to the public ;

and since that date the industry has developed by leaps and bounds until its

ramifications are now world-wide. It is unnecessary in this volume to trace the

various stages of development of the gas industiy Even now finality has by no

means been reached, and owing to the freedom m the selection of tho most suitable

methods of working afforded to gas engineers by the Gas Regulation Act of 1920,

it is at present somewhat uncertain in what ducction the high temperatuie caiboni-

sation process will tend to stabilise itself in the futuie

Compared with high temperature caibomsation, the process of low tempeiaturo

carbonisation has had a very short hihtoiy Although the first gas-making processes

were carried out under low temperature conditions, the trend of development has

always been in the duection of obtaining increased gas yields by the use of increasing

temperatures, and over a hundred years elapsed from the time of Murdoch's eaily

expeiiments before the possibilities presented by the c;u bomsation of coal at low

temperatures were recognised It IB true that Bpoiadic attempts were made to

initiate work of this description, but in the main, inventors who tuined their

attention to the carbonisation of coal have usually woiked moie with the idea of

increasing the yield of gas and decreasing the yield of tar than with that of obtaining

solid smokeless fuel and a plentiful supply of liquid fuel The liquid fuel would

indeed have been a drug upon the market in those days, since it is within com-

paratively recent times that oil-burning appliances for steam-raising and industrial

furnaces and the internal combustion engine have been developed The proposal

of the process of low temperature carbonisation has been made firstly, for obtaining

a smokeless fuel, and secondly, for the increase of supplies of home-produced liquid

fuel to meet the increasing demands of industry during tho twentieth century.

COALITE PROCESS

For the process of low temperature carbonisation, as it is understood 'to-day,

there is little doubt that credit must be given to Mr. T. Parker, of
"
Coalite

"

195
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fame. Parker's first patent was granted in 1890, but his principal patents for the

process were taken out in 1906. In the years 1907 and 1908 numerous other patents
were filed m his name. Experiments were first conducted in Q -shaped horizontal

retorts , but, after experimental work on various other types, Parker devoted his

energies to the development of the process m cast iron vertical retorts, about ten

feet long, tapering in diameter from about four inches at the top to about six inches

at the bottom. Twelve tubes were cast together m a nest, and heated externally
so that the material reached a temperature of about 450-500 C. The low tem-

perature coke, known as coalite, was found to be admirably suitable for a domestic

fuel, and great commercial success was expected from the plant.

These sanguine expectations were not, however, realised A further study of

the published records reveals the great difficulties with which Parker had to contend

in puttmg his process upon a commercial basis For example, he took out patents
on the improved arrangements for withdrawing gas in the event of any retort

becoming choked at its upper part and for discharging the coke after carbonisa-

tion troubles which have not been entirely overcome by the inventors of other

methods of low temperature carbonisation. The death of Parker undoubtedly
retarded the development of this process. The later retorts were made of fire-

brick, and had a rectangular cross-section, very wide in relation to the bieadth

Four zones of heating were introduced, the lowest at 450
,
the next at 500

C
,
next at 550 C

,
and the highest at 900-1000 C. The function of this high

temperature at the top of the retort was to crack the tars, to facilitate which a

grid of suitable material and shape was suspended in the free space This retort,

like its predecessors, was not very satisfactory, and further experimental work
had to be undertaken Low Temperature Carbonisation, Limited, the successors

to the original company, and the holders of the Parker patents, have evolved a

retort which is now being tested on a commercial scale at Barugh, Barnsley, and
which is described on page 206

OTHBK PATENTS
In dealing with the work of the eailier pioneers, it is not possible to describe

the many inventions which have been patented, or the many experimental plants
which have been built. It is proposed, therefore, in the remainder of this chapter,
to describe the pre-war and war-tune developments and contributions to the

technique of the subject, leaving for a further chapter the post-war developments
which have taken place.

RICHARDS AND PEINGLE RETORT
In 1909 a further method of carbonising material at low temperatures was

invented by Richards and Pringle. This process was continuous in action, the
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material being run into V-shaped buckets on an endless conveyor, which passed

through a horizontal retort heated externally. The advantage oi this process was

that the material was undisturbed during coking, and a very satisfactory coherent

fuel could bo obtained. As the material was also in small charges, the time of

carbonisation was short, and a large throughput might be expected. Difficulty

was at first experienced in discharging the coked material from the buckets, though
this was eventually remedied to a large extent. The apparatus is, however, bulky
for the throughput obtained, and the possibility of the loss of gas through leakage

is therefore increased Other difficulties, due for example to the pin joints of the

conveyor being subjected to high temperatures, have been

encountered, and much credit is due to the inventors for __
their praiseworthy attempts to make this scheme ultimately

successful f|!l_i-J
r

l

TOZEK BETORT

In 1909, also, Mr C. W. Tozcr patented a further process

intermittent in action The distinctive features were the UHO

oi a high vacuum system, previously patented by W S

Simpson, and a special design of cucular vertical retort.

The ictort is of cast 11011, and has its cross-sectional area

divided by concentric rings connected by webs, which extend

the whole length of the letoit, so that the material is chaiged

into annulai wpaces about four inches wide, as shown in

Fig 31 Due to the conductivity of the webs, the diamctei

of the ictoit, and hence itH capacity, can be increased con-

siderably over that of a plain tube without danger of reducing

the uniformity of coking of the charge, while the shape and

the material of the rctoit enable it to withstand the pressure

due to the expansion of the charge, thus ensuring the produc-

tion of a dense, homogeneous emokoless fuel It is stated thaiL

experience extending over a number of years has shown that

cast iron retorts for low temperature carbonisation arc

practically indestructible The time for retorting of the

charge is about 4 to 4| hours. The central core is sealed

with a stopper during charging, and being uncharged facili-

tates the withdrawal of the gases and oil vapours by forming

a gas passage connecting the lower to the upper part of the

retort. The gases evolved from the charge partly pass up-

wards through the carbonising mass and partly downwards.

Those gases which pass downwards make their exit by

.

*! ft *

r >,

} -rt

'!\l <ti,

& ',
J

Fia 31. TOZBB
PATENT RETOBT.
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way of the central tube to tlie eduction pipe which is situated at the top of the

retort The double exit for the gases, together with the partial vacuum which is

maintained in the system, enable the gases to be removed rapidly from the retort.

The retort was originally kept under a vacuum of 20-27 inches of mercury, but this

high vacuum is not now specified, being reduced to 70-150 mm. of mercury. The

charging is effected through a top door
;
and when the carbonisation period is

completed, the coke is discharged through the bottom door of the retort. The

charging and discharging doors are made tight by a special arrangement, and the

lower door is balanced by counterweights. The doors are easily locked. The retorts

are heated by a specially designed recuperative setting. Each retort is surrounded

by a ring of brickwork to prevent flame impinging direct on the cast iron casing,
and the space between the retort and brickwork acts as a heating flue. In each

of the exit gas flues is a damper which controls the temperature of the retort.

After passing through the damper, the exit flue gases make a number of passes in

a recuperative flue, the secondary air for the combustion of the heating gases being

passed through boxes at right angles across the flue. It is claimed that there is

rarely trouble in getting the coke out of the retort. Illustrations of the experimental

plant at Battersea are shown m the Engineer of 23rd September, 1921, and a

description of the retort which was being constructed at the Eraser and Chalmers

Engineering Works is also given.

MARYHILL RETORT
The problem was also investigated experimentally by Mr. G. T. (now Sir George)

Beilby, at the Maryhill works of the Cassel Cyanide Company, Glasgow, and the

position at that time is given in a contribution to the discussion on
"
Fuel Economy,"

held in Section B of the British Association at Birmingham, 1913, which is repro-
duced in full in the Report of the Fuel Research Board 1 The retort, patented in

1910 by Mr. H. N. Beilby, consisted of an externally heated vertical shell, con-

taining a series of plates which were inclined alternately m opposite directions.

The material was passed through the retort in layers about two inches thick by
]erkmg or vibrating these shelves. The maximum temperature to which the
material was subjected in this apparatus was 400-450 C., and the time of carbonisa-
tion was reduced from the four to six hours necessary in the Parker retort to about
one and a half hours The reduction was due, not merely to the treatment of the
material in thin layers and the free escape of the volatile gases, but also to the

frequent turning over of the coal as it passed over the shelves, and the consequent
exposure of fresh surfaces to the action of the heat.

As the resulting coke was in small pieces, briquetting was necessary in order

1 Fuel Research Board. Eeport for Years 1918, 1919. (H.M. Stationery Office )
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to produce a fuel which was suitable for domestic purposes, "T^e
the disability of being able to treat non-caking coals only. Althou

were effected so that a unit was eventually obtained m which a throughput of

fifteen tons per day was easily maintained, it was decided to discontinue the

experiments It was considered that a retort of this description was too limited

in its range of application to provide a solution of the wider national problem of

the satisfactory treatment of fusible, or partly fusible coals, at low temperatures.

The experience gained in the work has since been advantageously employed in

the design of low temperature carbonisation plant at H M Fuel Eesearch Station,

which will be later described.

DEL MONTE AND CHISWICK PROCESSES

Of the continuous processes, one of the best known is the Del Monte, embodied

in what has come to be called the Chiswick retort The development of this process

can be followed very clearly by an examination of the patents which have been

obtained by those in charge The first patent was obtained by Del Monte in 1911

and the process for a considerable time went by that name. This patent relates

to the extraction of the volatile matters in carbonaceous matenals by the diffusion

through the heated material of a gaseous medium which is preheated to the same,

or to nearly the same, tcmpoiature as the charge within the retort. This idea

was embodied in a nmall vertical intermittent typo of letort, the gaseous medium

employed being coal gas Apait from other non-commercial aspects of a plant

of this description, the results weie unsatisfactoiy, because of Lhe great difficulty

of ensuring a unilorm diffusion of the hot gas through the charge A radical change

in the method of retoitmg was therefore made, and m 19 [4 a patent was obtained

m the name of the Oil and Carbon Pioducts, Ltd According to this patent, the

retort was given a small inclination to the horizontal, and the material was moved

through and up the retort by means of a screw conveyor of almost the same size

as the internal diameter of the retort The pitch of the screw and the diameter

of the retort were kept small, so that the material did not move through the retort

in bulk, but was heated in relatively thm layers The retort was heated externally

by gas, or according to a separate patent filed the same year it could be additionally

heated by means of gas jets placed within the conveyor shaft, which was made

hollow for the purpose The process was therefore continuous in action, and

represented a great advance upon the previous patent. This patent was obtained

not so much upon the method of retorting for of course the principle of the screw

conveyor is old but on the method of condensing the products of distillation.

The raw material was fed in at the lower and colder end of the retort, and the

retort was progressively heated towards the upper end. The oil and gas outlet
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being at the lower end of the retort, the hot gases and vapours were condensed

by contact with the slowly progressing colder material passing up the retort and

the condensates were thus easily collected.

It was found, however, in practice that the oils were BO heavily laden with

free carbon and ash that they were commercially of little use. A possible remedy
is reflected m the next patent, dated 1915, in which the retort is horizontal, gaseous

products of distillation being collected at different points in the length of the retort

by separate eduction pipes. These eduction pipes lead the gaseous pioducts into

a collector, which likewise largely acts as a condenser The gas outlet being at

the cool end of the collector, the patent is obtained on the claim that the hottest

vapours have to pass through successively cooler zones of vapour on their way to

the outlet.

Up to August, 1918, no further patents had been obtained and the improve-
ments effected had been of a minor character. In 1917, the Petroleum Research

Department of the Government ran a large number of tests upon the plant These

tests were made, however, more for the purpose of determining the oil values of

various materials than of proving the commercial possibilities of the process.

The tests were so far successful that, under an agreement with the Mineral Oil

Production Department of the Ministry of Munitions, a battery of thirty ictorts

was under construction and nearly completed when the armistice was signed. In

consequence of the changed conditions the work was temporarily stopped, and
the plant was afterwards dismantled Each retort was 14 in diameter, and about

20 feet long, and would have had a throughput of about 1|- tons per day The
name of Del Monte has now been largely dropped in connexion with this plant,

and the Chiswick retort, as it is now called, occupies a prominent place in the

history of the development of the low temperature system of carbonisation

It should be noted that the Chiswick retort compares with the proposed Barney
retort, patented rn 1918 The Burney retort is about 6 feet in diameter, and about

30 feet long As in the Chiswick letort, the material is moved thiough the ictort

by means of a screw, but in the Burney retort the screw is hollow, and canies

the hot flue gases. In this way not only can the diameter, and consequently the

throughput, be increased, but the carbonising heat is economically and efficiently

utilised. A description of the Burney retort and process is given elflewheic 1 and
need not be recapitulated, since a full-scale plant has not yet been built and tried.

MACLAURIN RETORT
In 1909, on the motion of Councillor W B. Smith, a sub-committee of the

Glasgow Corporation Gas Committee was appointed to
"
Inquire into and report

1
McKay, E F. The Butney Retort for the Treatment of Caibonaceous Matenal. (Watorlow )
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on any process of gas-making that will produce a form of coal residue that may
be available for use in ordinary domestic grates

"
In 1914 all the known processes

for the production of smokeless fuel were examined, and it was decided that the

process patented by R. Maclaurm 1 in 1913 seemed the most promising for this

purpose. As this process also promised to yield large volumes of gas afc a low price,

Bailie Wm. B. Smith moved, m March, 19M, for the appointment of a sub-

committee of the Electricity Department to work along with the sub-committee

of the Gas Department on smokeless fuel, with the object of deciding whether

gas could be utilised economically for the firing of boilers Negotiations were

entered into and proved successful, and in 1915 a plant to carbonise 20 tons

of coal per day was erected at Port Dundas, near Glasgow.
The Maclaurm process dillers radically from any of those preceding, inasmuch

as the fuel is carbonised in an internally heated retort, as opposed to the externally

heated types previously described. The retort resembles an elongated producer
or blast furnace, but is on a smaller scale.

According to the original patent, the inventor proposed to pass heated gas

through a column of bituminous fuel in a high producei, the tempeiatuie of which

decreases upwards, and to collect the condensed oils within the upper part of the

producer, so as to prevent them fiom running back to the lower and hotter part

of the column.

The first producer was put down in 1914 at a small colliery in Ayrshire, with

the object of tieating cannel coal and making gas for boiler firing The coal,

having a high ash content, was binned to ash Tins work proved the soundness

of the principle of trapping the oil in the upper legions, but had to be discontinued

owing to the colliery getting into difficulties The Glasgow Corpoiation, however,

had by this time decided to pioceed with the erection of a plant primarily for the

manufacture of smokeless fuel With the object of getting as clean a fuel as possible,

it was decided to erect a double producer. This producer was descubod by the

inventor in a paper read before the Society of Chemical Industry m 1917

At that time the plant, which was situated at Port D Lindas, near Glasgow,

consisted of two retorts, A and B (Fig 32) The fuel in the small producer B was

completely burnt to provide powei gas, which passed through the mass of coal in

the laige producer A, and carbonined it to smokeless fuel. Thus the ash from the

fuel burnt to provide the heating medium did not mix with the smokeless fuel

itself In the latest illustration of the plant worked at Grangemouth it appears that

a single producer is now being used. This producer differs from the original type

m that the coke does not pass through a water seal at discharge. It is described

more fully in the next chapter, which deals with the later developments.

1 Maolaurm, R. " Low Temperature Caibomsmg and some Products." Journ. Soc. GJiem InA.,

36, 12,
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The Maclaurin plant can deal with a variety of coals. As with other pro-

ducers, however, it does not work satisfactorily with dross. It is claimed that,

owing to the gradual heating, little binding together of the coke takes place except

with fairly strongly coking coals. The blast can be readily controlled so that the

charge may be entirely gasified, and ash only withdrawn from the bottom, or the

coke produced may range from a hard grey fuel suitable for metallurgical purposes

to an easily ignited smokeless fuel adapted for domestic use. It is stated that,

during carbonisation, any stony matter in the coal tends to drop out, while mineral

FIG. 32 MAOLATJRIN PRODUCER (1917)

matter scales off and is concentrated in the breeze. It is claimed, therefore, that

it is possible to obtain a clean coke containing a percentage of ash which is little

higher than that of the original coal since the bulk of the ash is separable as

stones or segregates in the breeze.

When the experimental work was stopped at Port Dundas, owing to difficulties

created by the war, the principal conclusions reached by Mr. Maclaurin as a result

of that work were :

(1) Coal could be turned into smokeless fuel by the passage through it of

from 13,000 to 20,000 cubic feet of hot power gas. This is much less than
was generally believed to be necessary.
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(2) An easily kindled smokeless fuel could be obtained, containing not more
than 4 per cent of volatile matter.

(3) In a true low temperature carbonisation the yield of rich gas was very small,

being probably not more than half what was generally believed.

(4) The oils obtained were highly complex bodies, difficult to investigate by
distillation, as they appeared to suffer decomposition on re-distillation,

giving rise to new products.

(5) Ammonia was obtained in fair quantity, but, while the liquors were free

from ferro-cyamdes, sulpho-cyamdes, etc
, they always contained certain

complex polyhydric phenols, capable of dyeing iron-mordanted wool a deep
slate grey.

(6) The most important conclusion of all, however, was that a plant of this

type could work with coking coals without sticking up, a difficulty which

had been almost universally predicted by all those experienced in coal

carbonising.

The plant at Port Dundas was taken down and re-erected at Grangemouth,
where further experimental work is now proceeding The process appears to be

one of great promise The first cost, and tho cost of maintenance, aie low
,
the

labour costs are also low, and the heating arrangements efficient. It still remains

to be proved, however, that the gas, oil and coke will find ready and profitable

outlets when a plant on a commercial scale has been installed in some centre

of industry

ESTABLISHMENT OF HM FUEL EESEABCH STATION
AT EAST GREENWICH

In addition to the above processes initiated and developed during the pre-war

and war-time periods, numerous other patents had also been taken out at the same

time, and many other experimental plants built. Interesting though many of these

may be, it is not possible within the confines of a single volume to give an extended

description of all During this period, however, it was becoming more and more

apparent that the difficulties of low temperature carbonisation were more profound
than had been anticipated by tho early pioneers ,

and that for the development
of each and every process some measure of co-operation and mutual assistance

was essential between those interested in the solution of the problem. This

development was in reality part of a larger movement. For many years there

had been a growing consensus of opinion that a special need existed for some degree

of State organisation and assistance in every form of (scientific research. It was

felt that if this country were to advance, or even maintain its industrial position

in the markets of the world, there must be such a development of scientific and
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industrial research that the national industries could expand naturally and compete

successfully with those of other highly organised countries. These views finally

took form when, m July, 1915, a Committee of the Privy Council for Scientific

and Industrial Research appointed an Advisory Council composed of men eminent

in science and industry. One of the primary functions of this Advisory Council

was to advise on "proposals for establishing or developing special institutions

or departments of existing institutions for the scientific study of problems affecting

particular industries and trades."

It was soon recognised that certain lines of investigation existed which affected

so large a number of interests and of which the prosecution was so vital to the

well-being of the population that they could not be effectively followed by the

mere affording of monetary or other assistance to any particular industry for

co-operative research. For example, the question of research into fuel and its

utilisation was too comprehensive to be dealt with by any one industry. Accord-

ingly in 1917, a Fuel Research Board was established, and a Director appointed

immediately responsible to the Lord President, in order to organise and cany out

research investigation on fuel problems.

OBJECTS OF THE FUEL RESEARCH BOARD

It has already been pointed out in Chap. I that the Fuel Research Board have

kept in view two mam lines of research First, a survey and classification of the

coal seams in the various mining districts by means of chemical and physical tests,

in the laboratory, and second, an investigation of the practical problems which

must be solved if any large proportion of the raw coal at present burned in its

natural state is to be replaced by the various forms of fuel obtainable from coal by
carbonisation and gasification processes

In their second Report to the Lord President, the Board stated that

" The second of the proposed lines of inquiry has been led up to by a vanoty
of influences during the past eight or ten years. Among these influences have

been the demands for cheaper and more ample supplies of electrical energy, for

home supplies of fuel oil for the Navy, of motor spirit for the Transport and

Air Services, and last, though by no means least, for smokeless domestic fuel

This last has been brought about through the growth of public and municipal

opinion on the subject of smoke prevention m cities and in industrial centres
" The only development which would satisfy all these needs simultaneously

would be the replacement of a large proportion of the raw coal which IB at present
burned m boilers, furnaces and domestic fires, by manufactured fuels prepared
from raw coal by submitting it to distillation.

" The greater part of the coal which is consumed in Great Britain is burned
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in its natural state as it comes from the mines. The question of the moment
then is to what extent can and ought the present use of raw coal be replaced

by the use of one or other of the various forms of fuel manufactured from coal

coke, briquettes, tar, oil or gas. While there is already in the possession of

experts a certain amount of knowledge and experience which might enable

them to organise and direct schemes for the replacement of raw coal by
manufactured fuel in particular directions and on a fairly large scale, no really

comprehensive scheme can be formulated till certain perfectly definite problems
in coal distillation have been solved

"
These problems can only be solved by carefully organised experiments

on a working scale carried out under the conditions likely to arise in practice
"

After pointing out the fundamental differences between gas and coke-oven

industiies already established, and a possible new industry which would provide
for the desiderata already referred to, the Keport continues

"
As regards the carbonisation of coal at low temperatures there is no

corresponding body of experience in existence and there are very few pioperly
acciedited data available

"

It will thus be seen that, although the programme of the Fuel Eesearcli Board

includes the whole question of the moic efficient utilisation of fuel, the subject

of low temperature carbonisation occupies a foremost place

II M Fuel Research Station at East Giecnwich is designed and equipped for

the purpose of conducting operations both on laboratory and full industrial scales

Since its opening a largo amount of icliablo data has been obtained and made
available in connexion with the methods of treatment of coil Although it cannot

bo claimed that a complete industrial solution of the problems of low temperature
carbonisation has been arrived at cither here or elsewhere, it is believed that

knowledge and experience have been gamed which have brought a commercial

solution appreciably nearer. The Board have also, from time to time, assisted

other investigators and firms in their experimental work, both by free discussion

of the difficulties and possible solutions and, in some cases, by the provision of

financial assistance for the erection of plant possessing some specially promising

feature.
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PROCESSES-SOME LATER DEVELOPMENTS

INTRODUCTORY

USEFUL though it be to study the work of the early pioneers of low temperature

carbonisation, it yet remains to be seen how their failure and successes are reflected

m the processes now being considered and actively advocated. It is desired in

this chapter to describe and illustrate these processes and retorts (which, it should

be added, are placed in alphabetical order, except for a few which are described

in tabular form on p. 235).

THE BARNSLEY PLANT

The plant of Low Temperature Carbonisation, Limited, at Barugh, Barnsley,
consists of twenty retorts, built as one unit, and has a throughput of about 36 tons

per day. Each retort is made of firebrick, cemented with fireclay, and is of the

vertical, intermittent, externally heated type. The total depth of the retort is

9 feet 6 inches, the width at the top 7 feet 3 inches, the width at the bottom 7 feot

6 inches, and the breadth 11 inches. The distance from centre line to centre line

of adjacent retorts is 21 inches. It is stated that, in a retort of these dimensions,

12 cwt of coal can be carbonised at a time, and that the time of carbonisation

is less than eight hours. The throughput for each retort is therefore about 36 cwt.

per day Each retort hopper carries one charge, and thus acts as a measuring
chamber Sections of the retort are shown in Figs 33, 34 and 35.

The distinctive feature within each retort is a parr of collapsible iron plates
which are suspended about three and a half inches from each side wall The

charge to be carbonised lies between the plates and the walls. The plates are

perforated, and the free central space between them is m communication with the

exhauster. The function of the plates is twofold In the first place, the space
between the plates forms a central chamber whereby the removal of the gases from
the retort is facilitated. This is beneficial in two ways Ifc reduces the contact of

the vapours with the hot charge to a minimum, and as the pressure within the

retort is thereby kept fairly uniform, there is less liability for the retort to choke
and cause the rich gas to leak through the walls to burn with the flue gases. The
other function of the plates is to prevent the jamming of the charge in the retort

during carbonisation, and to facilitate the withdrawal of the coke when the bottom
door is opened As shown m Fig 36, the plates are suspended from a bridge piece
in the retort The partial rotation of the bridge piece moves the plates towards
each other, and the coal space in the retort is thus increased. The expanded and

collapsed positions of the plates are shown in the same figure

During charging and carbonising the plates are on the same level. The bridge

piece covers the space between them, and deflects the charge into the two outside

206
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Fio. 33. FIG. 34.

! I . t^ Mart tlrot, * .
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FIG 35.

FIGS, 33-35. BARNSLBY EBTOKT AND SETTING

(Low Temperature Carbonisation, Ltd,).
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spaces The plates are kept apart by flanged abutments, which take the thrust

when the coal swells during carbonisation. At the bottom the plates are connected

by a link, which determines their maximum separation. When the bridge piece

is partially rotated, the plates come together, one plate rising and the other falling

by equal amounts, so that the distance between their outside surfaces is reduced

from five inches to about fchiee inches On account

of this extra space, the discharge of the fuel after

carbonisation is facilitated, and the retort can

be readily cleared. These plates are made of

manganese cast iron, and they are stated to

withstand the somewhat arduous service without

suffering undue growth or other trouble

A further distinctive feature of this plant is

the cooling chamber beneath each retort. When
the dumping door is opened, the charge drops

directly into this chamber. The fiont of each

chamber is closed by an airtight door, through
which the fuel, when cooled, is diawn out on a

sloping platform extending throughout the length
of the retort bench. The cooling chamber is

made of sheet steel, the two sides being water-

jacketed The back is curved, to facilitate the

clearance of the chamber Thin vertical plates

are fixed centrally in the water jacket m order

to ensure a continuous circulation of the water

It is claimed that practically the whole of the

sensible heat of the fuel is thus absoibed, and
that the coke can be sufficiently cooled for with-

drawal within two hours The steam generated
in the cooling chamber is intended for use in the

fractionating of the tar oils.

Steam is admitted through the dumping door,

and it is claimed that the action of tho steam on

the charge undergoing carbonisation results in

the increase of ihe ammonia compounds in the gas given oH.

The gas leaves the retort at the top and passes into a hydraulic mam through
swan necks The tar extraction plant, gas scrubbing plant, etc

, are those of

ordmary gasworks practice.

The gas retorts are heated externally by gas obtained, either from the carbonised

Charge, or from a Mond producer gas plant. A section through the retort flues is

! i

i
I

FIG 36 BAKNSLEY EETOBT
Showing collapsible plates
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shown in Fig 33 The burner flues are situated one above another horizontally

in the space between the retorts It will be seen that two large gas mams run

horizontally at the front and the back of the retorts and feed the burners through
vertical pipes. The burners are plain horizontal pipes. The hot gases of com-

bustion from the top burner pass downwards, regenerated at each successive flue

by supplementary burners. The waste gases eventually pass through recuperators

and pre-heat the air for the burners.

The charge is a mixture of coking and non-coking coals in the proportion of

about 30 70, and the mixing occurs while the coal is being washed. The washed

slack carries from 10 to 12 per cent moisture The charge per retort of 12 cwt

produces about 917 Ib. of saleable coke, of which not more than 4 per cent is breeze.

THE CARACRISTI PROCESS

The Caracristi process, which has recently been adopted by the Ford Motor

Company in the United States, consists essentially of a molten lead bath, over

which roughly pulverised coal is passed in layeis on a metal plate conveyor It is

stated that a Caracristi retoit with a throughput of twenty-five tons per day has

been successfully working for two years in Amenca The chief feature in this

process is the shoit time required foi the carbonisation of the material It is

claimed that a layer of coal half an. inch thick, pacing over a bath of molten lead

at a tempciature of 650 C
,
is completely carbonised in five minutes

Details have been published of a plant now under construction at the Ford Works

in Canada, at Walkerville, OinVuio The firebrick letoit IB about 50 feet long

Gas is the source of heat foi maintaining the molten load bath at the required

temperature, and the pioducts of combustion pass through narrow passages undei

the bath into chequer brickwork rcgonciator settings overhead A layer of coal

about half an inch thick is run on the continuous metal conveyor which travels

on the surface of the lead, and returns under the bath through a tunnel This

tunnel also contains a secondary conveyor which is used to cool the coke before

it is discharged. The mam conveyor consists of cast iron plates which are connected

by steel pins and have overlapping joints, so that the coal does not fall on the lead

The speed of the conveyor is such that, as previously stated, the time of carbonisa-

tion of the fuel is about five minutes

It is stated that the normal quantities of the products of carbonisation are

obtained by this process, and that the coke contains 12-15 per cent of volatile matter.

It is not, however, in a form suitable for use as a domestic fuel when it comes

from the retort. It is the intention of the promoters to pulverise the greater pro-

portion of the fuel obtained from the plant under construction, and use it for steam-

raising purposes.
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THE CARBOCOAL PROCESS

The Carbocoal or Smith, continuous system of carbonisation, developed in

America by the International Coal Products Corporation, should strictly be

ranked amongst the high temperature systems but for the fact that the inventor,

Charles H. Smith of New York, has attempted to solve the problem in America

which corresponds to the problem attacked by low temperature carbonisation in

this country.

Coke, which is known as "carbocoal," and oil are the primary products of

carbonisation, and gas is a secondary consideration. The process differs from other

processes in being in two stages ; the material first being treated at a low tem-

perature, and the resulting semi-carbocoal again treated at a high temperature.
A plant working on this system at South Clrnchfield, Virginia, has a capacity of

550 tons of carbocoal daily. Another plant has also been constructed at Irvmgton,
New Jersey.

It is possible to carbonise a wide range of materials by this process, including

lignite, colong coals and non-coking coals. The material is first crushed to pass a

sieve of f-inch mesh, and then heated in the primary retort to 480 C. This retort

is horizontal and externally heated. It is about 18 feet long, and is built up of

blocks of carborundum, fitted with tongued and grooved asbestos-packed expansion

pints The time of carbonisation is from two to three hours. The retort is of

inverted heart shaped cross-section, as shown in Fig 37, and the material IK con-

tinuously stirred and moved along the retort by paddles attached to two longi-

tudinal shafts. The paddles have a radius of 2 feet, and the shafts rotate one

revolution in eight minutes. The end walls are made of firebrick The retorts

are kept half full of material, which is discharged through a water seal, and is then

a soft, friable mass. The throughput per retort, if continuously worked, is about

36 tons per day.

The material, on leaving the primary retort, contains from 7-10 per cent

of volatile matter It is then made into ovoid briquettes, the pitch obtained

from oils distilled m the plant being used as a binder. The briquettes contain

about 15 per cent of volatile matter, and are fed into the externally heated secon-

dary retort. The secondary retort, shown in longitudinal cross-section in Fig. 38,

is about 12 feet wide, 21 feet long, and 26 feet high at the discharge end Each
retort is rectangular in cross-section, and contains six carbonising chambers, in

two tiers of three each Being inclined, the briquettes pass through the chambers

by means of gravity, and are afterwards quenched in water. The temperature of

carbonisation is about 1100 C., and the time taken is six hours. The percentage
of volatile matter in the finished briquettes is only 3-4 per cent. The usual by-

product plant is installed, and the tar oils and ammonia are recovered from the
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gaseous products of combustion. Most of the stripped gas is used m heating the

primary and secondary retorts, but there is a surplus which is available for other

purposes. The gas burners for both retorts are placed in flues and a recuperative

system of pre-heating the air for combustion is employed

FIG. 38. GAEBOOOAL PEOOESS. (Sectional view of Secondary KotorU)

As the pitch has also been decomposed in the second carbonisation, the fuel

is quite smokeless. It is very compact and hard, and is thus suitable for transport.

It is, however, difficult to ignite. The latter would be a serious disadvantage in

a proposed domestic fuel for this country , but, as carbocoal is in competition with
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anthracite m tlio western states of America, it is quite adapted to tlie method of

burning there adopted On the other hand, on account of the restrictive legislation,

the bituminous coal from which carbocoal may be made cannot be generally

employed until it has been pre-treated.

THE EVERARD DAVIES PROCESS

The scheme of operation of this process differs from the other proposals for

low temperature carbonisation m certain definite particulars. In the first place,

it is claimed that the limits of 10-15 per cent for the volatile content of the coke

are superior to the generally accepted limits of 6-12 per cent The reasons assigned
for this are (a) smokelessness with the higher and lower volatile contents is equal ,

(6) the coke with higher volatile content has also a higher calorific value
, (c) there

is a saving in the heat required for carbonisation by leaving the extra volatile

content in the coke , and (d) the facility for forming a transportable matenal is

equal to that of a less volatile coke by the contiol and vamtion of the retorting

factors It is rightly pointed out, howcvei, that if the highei limit of volatile

matter be loft m the coke, the volatile content of the original coal should not fall

below 30 per cent, or otherwise thoic is not a sufficient margin for profitable by-

pioduct yields In the second place, the temperature aimed at in this carbonising

process is 700-800 C. instead of the lower limits generally adopted by other

inventois

The use of a highei tempciaturo of couise reduces the tune of carbomsation,
and it is claimed that the disadvantages expeueiiced when a higher temperature
is used in other low tempeiatuie pioce&Hcs aio lemoved in this process by the

method of heating employed In this system, both internal and external heating are

proposed About 25 per cent of the heating gases is passed through the rotorl,

and it is claimed that thereby the time of carbonisation is icduced, so that a given

size of retort has a larger throughput than if external heating only were employed,
while the small volume of gas employed for internal heating does not reduce the

calorific value of the gaseous yield to such an extent as to make the gas unsuitable

for town gas. The inventors state that it is their intention to work the retort at

either high, medium or low temperature, according to the special circumstances of

any installation.

The Everard Davies installation consists of a parr of vertical retorts. These

retorts have between them a central vertical chamber connected to the exhauster

main, into which pass the gases and volatile products. The retorts are not heated

externally throughout their circumference, but only on that part remote from the

central chamber. It is claimed that, with this arrangement, the
"
cracking

"
of the

volatile products of carbonisation is reduced to a minimum. The combustion
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chambers are arranged m three or four zones, ranging from 400 0. to about

800 C , BO that the material is progressively heated as it passes through the retort

under the action of gravity. As previously stated, about 25 per cent of the heating

gases passes through perforations in the retort, and mixes with the charge during

carbonisation.

THE FISHER PEOCESS

The patented process of coal carbonisation adopted by the Midland Coal

Products, Ltd., and worked out by Mr. A. Eisher, B.Sc ,
A.I C., is the outcome of

investigations begun with the set purpose of finding an outlet for a definite class

of poor quality coal. It may be remarked m passing that this attitude towards

the problem is very sound, since there are great possibilities of attendant success

should colliery owners, or those connected with collieries, attempt its solution in

dealing with certain definite types of coal in which they are interested, even

should the process or retort evolved prove unsuitable for a widei range of

material.

The material in which the Midland Coal Products, Ltd., is chiefly interested

is non-coking small slack, which is, in normal times, mainly a drug on the market

A typical coal of this type is Top Hard Half-inch Slack, of which the analysis of

an average sample is as follows

Per cent

Ash 3151

Volatile Matter 24-20

Eixed Carbon 44 29

Sulphur 1 39

Calorific Value, 9800 B.Th.U. per Ib.

Naturally the first objective in dealing with material of this nature, m order

to produce a final solid product of value, is the employment of an efficient washing

process. Economic and effective washing of slacks was not an easy matter until

quite recently ,
but the Eheolaveur process of coal-washing solves this initial

difficulty with satisfaction, both from a technical and commercial point of view.

It is stated that the ash content of the raw material of about 30 per cent can now
be easily reduced commercially to a maximum ash content of 4f per cent at a cost

not exceeding 5d. per ton, washed.

The raw slack shows on grading and washing tests the following percentages,
thus showing the difficulties to be contended with in the washing process :
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GKADING AND WASHING TABLE

SAMPLE OF TOP HARD HALF-INCH SLACK

-jjir

inch to J- inch.

69 6%

Ash, 220%
V.M., 27-57%
FC, 50-43%

-^
inch to 1 mm.

14-3%

Ash, 2965%
V M

,
24 90%

FC, 4545%

1 mm to

16 1%

Ash, 3539%
V.M

,
20 38%

EC., 44-23%

57% 4 5% 2 15%
1 95% Ash 7 6% Ash 12-9% Ash

51% 37% 39%
1-8% Ash 6 7% Ash 12-2% Ash

334% 431% 546%
2 2% Ash 6 4% Ash 9 5% Ash

Tailings As h 73-50%

20% 34%
28-4% Ash 72-3% Ash

21% 39%
25-4% Ash 71-4% Ash

113% 55%
20 6% Ash 53% Ash

The next problem was to put this fine washed coal into suitable form to find

a maiket other than for boiler-firing purposes, for which, of course, such a clean

material has an immediate outlet. Straight carbonisation in the state of washed

slack was in any case a useless procedure to attempt, as the coal was of non-coking

character, and the carbonised product would consist of nothing but breeze, for

which no satisfactory market existed.

Briquettmg of such breeze by the addition of a binder to the carbonised fuel,

by which means volatile matter would again be added to the carbonised material,

seemed an unscientific procedure. Complete gasification was a possible outlet,
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but here again the material was too small to be of general use for this purpose,
and this, combined with a low fusibility of ash, restricted the market

In order to get a satisfactory solid product in a marketable condition, lump
material was essential. This has been attained by simple briquettmg before

carbonisation.

Ordinary briquettrng with normal pressures, entailing normal disintegration
of the slack, was considered essential from a commercial point of view for many
reasons, but it was obvious that with a binder of the nature of pitch introduced

into the fuel, it would be impracticable to carry out satisfactorily any method
of carbonisation by external heat application, owing to the tendency which the

binder would have to flow out of the material at a temperature lower than that

of the incipient fusion of the coal substance Internal heating was experimented
with and satisfactory results obtained. It was found that by grinding the washed
slack to a grade of fineness to pass an ordinary ten mesh before briquettmg, the

incorporation of the binding agent assisted the coking of this particular coal

Here it is to be remembered that the Top Hard seam is a banded seam of dull

and bright coal with a quantity of black shale, but a higher concentration of the

bright coal, having a higher coking mdex than the dull hard bands, is found in

the slack, and by grinding and mixmg, the non-coking particles are found after

carbonisation to be ultimately mixed with the higher coking particles of the bnght
material, and a uniform hard coke is produced By this means a natuial blend

of coking and non-coking coal is obtained at once, such as has been aimed at by
scientific blending of coking and non-coking coals artificially for several processes

carrying out low temperature carbonisation

The briquettes have a maximum weight of 5 ounces and are made ovoidal or

spheroidal in shape, with the definite ob]ect of ensuring regular interstices through-
out the mass, not only for the penetration of the blast introduced at the base of

the retort, but also for the full utilisation of the sensible heat of the liberated gases

by uniform distribution throughout the mass of the oncoming charge
The actual process of carbonisation is thus much on the lines of pressure- gas

producer practice, with the exception that the air-steam mixture is fed in horizon-

tally from the periphery of the retort base The retorts themselves resemble
miniature blast furnaces in shape, tapermg upwards and downwards from a
maximum diameter of 5 feet 6 inches at the widest part, with cooling arrangements
at the bottom.

The ovoids are fed in at the top to maintain a bed of 12 to 14 feet depth, and
gravitate through the retort without any internal mechanism. It IB found that,

by proper control of blast conditions, considerable variation in throughput can be
obtained without changing the quality of the product. A maximum throughput
of 28 cwt. per hour per retort is obtainable.



PROCESSES SOME LATER DEVELOPMENTS 217

The feared disruption of the briquettes in passing through tho retorts does

not take place to any marked degree ;
and under normal conditions a GO per

cent discharge of whole briquettes is obtainable, 80 per cent of the remainder

being halves and quarters, with an almost negligible proportion of dust.

Naturally, with a process of this description, good briquettmg is of vital

importance.
The maximum temperature obtained is in the region of 1000 C. m tho com-

bustion zone, and tho volatile content o tho haid caibomsed product is between

1 and 2 per cent

Contrary to general anticipation, this material is a free-burning fuel.

There is a tendency foi tho high heats obtained by foicod draught conditions

to fuse the ash into clinkci, but this is duo to the inherent quality of tho fixed ash

in the coal itself, which has a low fusion temperature Othei coals with a different

ash do not exhibit this quality to the same degree A number of coals, paitieukrly

Staffordshire coals, have been tieated, and it is found that the piocehs is applicable

to a large variety of coals with a low coking mdox
The Midland Coal Products, Ltd

,
h.ivo now elected a luttety of four Moits

with a normal capacity of 100 tons throughput pei day, and aie obtaining full

commercial data on the piooesM
The particular featuies of tho piou'SB of importance fiom the economic point

of view are The low capital cost of plant in relation to tho throughput, and the

low rate of depreciation of the lotoils owing to the small aiea of bnckwoik which

is subjected to destructive bent

TILE KIUMMAN MULTIPLE IWTOIIT

The Freeman Multiple Retort can be used with oil shales or non-caking coals

which do not fuse when tlioy arc heated. Tho retort (Kig 39) consists essentially

of a series of cast-iron chambers placed vertically one above tho other The coal

enters the top chamber through a gnstight charging vnlve, and falls upon a rotating

plate. By means of ploughs it is spread over this plate in a thin layer, and is

gradually worked to the outer edge, whence it falls on to tho bottom of tho

first chamber.

A series of ploughs attached to tho bottom of tho rotating pluto gradually works

the coal into an opening in tho centre of tho floor of tho chamber , thence it falls

upon a rotating plate in the second chamber, and the process is repeated. The coal

is therefore very evenly heated up to the maximum temperature. The first chamber

is maintained at a temperature approximately 120 0., sufficient to drive off tho

combined and free moiature in the coal.

The second chamber brings the coal up to the temperature of incipient oil



"T

3-4'

39. FREEMAN MULTIPLE RETOBT.



PROCESSESSOME LATER DEVELOPMENTS 219

production, while the maximum temperature attained in the fifth or sixth chamber

is about 455 to 485 0.

The original idea in connexion with this plant was that the coal should be frac-

tionally distilled. An attempt was made to isolate the distillation products given
off at each temperature This, however, has in practice only been partially success-

ful. The first chamber does act practically as a dehydrating chamber, and the

products of distillation from the top chamber consist almost entirely of water

The oils and tars from the remaining chambers are not clean-cut fractions, however,

and some of the oils from chamber No. 2, for example, are collected in receiver

No. 3, and so on. Despite the general lack of fractional distillation, the removal

of the water in the first chamber does materially reduce the dehydration necessary
of the final oil products

A plant has been installed at Willesden of a capacity of ten tons per day. The

temperature regulation has proved to be exceedingly efficient, and the system has

demonstrated its ability to deal successfully with non-fusible coals and oil shales

The system is of use where smokeless fuel in powdered form is leqiured for dust

firing or for subsequent briquetting

THE FUEL KESEARCH BOARD RETORTS

It has been previously pointed out that one of the difficulties in the develop-

ment of low temperature carbonisation is that laboiatory experiments on small

quantities of coal do not necessarily give the same propoitionate results as those

obtained when the material is treated m laigo quantities on an industrial scale.

The determination of the relations between operations on a laboratory and works

scale is therefore of some importance, and it was with this underlying idea that

the laige-scale experimental retoit of tho Fuel Research Station was designed. The

fundamental provisions it was desired to embody were

(i) Tho steady maintenance within tho retorts of any desired carbonising

temperature up to 600 C

(n) The exposure to the desired temperature of coal crushed to various degrees

of fineness in layers of any desired thickness, duo regard being paid to the

eflccfcs of heating by radiation, conduction and convection,

(in) The collection and accurate measurement of tho gases and volatile liquids

resulting from carbonisation.

(iv) The removal, quenching and weighing of the resulting coke and the study

of the influence of fusibility in different types of coal on the physical

properties of the coke.

(v) The design and construction of the ovens or chambers in which the car-

bonising retorts or machines are set so as to ensure uniformity of heating
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with, the mimnram expenditure of fuel and the minimum deterioration

of the metal of which the apparatus is constructed.

(vi) Towards the attainment of these ends the complete control aod accurate

measurement, not only of the fuel gas used to heat the setting, but also

of the air supplied for its combustion.

The setting of the retort was designed before the laboratory assay apparatus
had reached its final form, but the importance of studying the behaviour of the

I

FIG 40 H M FUEL RESEARCH STATIOK HOBIZONTAL STEEL RETORTS ITOR EXPERIMENTAL
WORK ON Low TEMPERATURE CARBONISATION

Sectional elevation of Bench

a Steel retort b Combustion chamber c Cambered steel plate (top) rf Cam berorl htoel plate (bottom)
e Channel iron side (5" deep) / Self sealing door ft Nostul blocks for fuel gas and air g Wusto gas lluo

h Carbonising tiayb j> Overhead traveller o Movable ciadle

carbonisation of coal at different temperatures and of preparing accurate balance

sheets was kept in view throughout in both cases

A full description of the horizontal steel retorts erected at H.M Fuel Research

Station is given in the Report of the Fuel Research Board,
1 but a sectional elevation

is shown in Fig. 40 Briefly, the battery consists of nine horizontal retorts, each

1 Fuel Research Board Report for the Years 1920, 1921 ; Second Section
" Low Temperatme

Carbonisation." (H M. Stationery Office )
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9 feet long and 2| leet wide. Each retort consists of top and bottom plates of

|-mch mild steel, slightly cambered, connected by 5-inch standard section channels.

With this cross-section it has been found that the retorts have successfully resisted

the tendency to distortion due to their exposure to a temperature of 600 0. during
a lengthy period The retorts are closed at the front end by self-sealing doors

through which are inserted the trays in which the coal for carbonisation is spread.

Two trays per retort are used, each tray being fche full width of the retort and

3 inches deep. Steel strips across the trays divide the material into blocks of 3-rnch

cube. The gas off-take is at the back of the retort and leads to a common collecting

mam, but the oft-take is automatically closed when the retort door is opened
The vapours are led as usual through condensers, scrubbers, etc., for the collection

of the oil, etc ,
and the gas is collected in a gas-holder

The heatmg chamber for the battery is 30 feet long, 8 feet wide, and on the average

4 feet high It has a capacity of about 8GO cubic feet The gas and air are supplied

through three nostril blocks in the roof The combustion of the gas is completed
under the crown of the arch, which is maintained at a temperature of over 600 C

and radiates its heat to the upper smfaces of the ictorts The products of com-

bustion pass the retoits on their way to the flues which lead from the bottom of

the chamber.

These retorts have proved extremely useful for the purpose for which they

were designed The yields and qualities of the products of the carbonisation of

vanous typos of coal have been ascertained with great accuiacy, and valuable

knowledge of the maintenance of retorts of this dosci iption has been obtained

The most seiious disadvantage fu>ni a commercial standpoint lias boon found to be the

relatively heavy labour charges involved on account of the caibonismg trays being

put in and taken out of the letoit by hand Even under such adverse conditions,

however, the retort at one state of the market was practically self-supporting

In view of the experience gained by the working of these retorts, a further

carbonising machine was devised and patented,
1 one of the patent drawings of

which is shown in Fig 41. It will be seen that the carbonising trays rest on an

elevator which can be moved vertically in a gastight chamber. The trays can

in turn be moved opposite an opening m the retort through which the tray is drawn

to an outside chamber It is then discharged of its coke, reloaded with coal and

returned to its shelf in the elevator. This ictort has been in operation for some

months, and very satisfactory coke has been produced On account of the reduction

in the amount of heat transferred to the coal by radiation, an increased time of

carbonisation has been required over that necessary in the earlier retort, and the

mechanical difficulties caused by the tendency of parts to get out of register owing

to
"
creep

"
of the metal at the temperatures used have likewise reduced the

> Pat. Spec 178,994 (1922)
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advantages winch, would otherwise have been obtained. The experiments upon
this type oi apparatus have accordingly been dropped for the time being, as it

seemed that a more promising method of low temperature carbonisation was

opening out in another direction, and the time of the staff and the facilities of

the station might more profitably be used in developing the new scheme. (See

p 261.)

THE FUSION PATENT LOW TEMPERATURE RETORT

The Fusion Patent Low Temperature Retort is made in two types, viz double

tube type and single tube type In the former, the material passes down the centre

of the inner tube, where it falls into the outer tube. It then passes down the

'

^1
f * A _ .m

CROSS SECTION

FIG 42 FUSION PATENT RETORT

annular space between the inner and outer tubes, and leaves the outer tube at the

same end at which the material is fed to the retort. In the single tube type the

material is fed into the tube at one end and discharged at the other. In each case

the axis of the tube is horizontal. In the double tube type, the tubes arc concentric,

and in the design illustrated (Fig. 42), the outer is about 30 inches in diameter and

the inner about 18 inches in diameter. The retort is constructed in standard sizes

from 2 feet 6 inches to 4 feet in diameter, and from 25 feet to 100 feet m length.

The capacities of these retorts vary from 5 tons to 100 tons of coal per 24. hours.
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It is stated that for a speed of 5-7 revs, per minute, 1 B.H.P. is required to drive

the 5-ton unit.

Within the inner tube is a loose
"
star

"
or

"
cross

"
breaker, whose diameter

is about two-thirds that of the internal diameter of the inner tube As the retort

rotates the breaker is carried with it until a point is reached when the breaker falls

over, and one point or edge of the star or cross comes in contact with the bed of

the material under treatment, giving it a glancing blow with a chipping effect

A similar type of breaker may be employed in the annular space between the tubes,

or alternately the inner tube may be provided with external ribs and act itself as

a loose breaker in the outer tube

The material, which is preferably crushed to pass through a f-inch sieve, is fed

into the inner tube at one end and leaves the outer tube at the same end, after

2 4
_

<5 6 10 12 f4 16 18 20 22
Distance In Feet measured from Feed End of Retort,

FIG 43 EXJSION PATENT "RETORT.

Typical Temperature Giadient

traversing first the inner and then the outer tube The matenal is not mechanically

propelled along the tubes, but moves along through finding its angle of ropOBo as

the tubes rotate There must, oi course, be a difference in level of the material at

inlet and outlet for motion to take place. This difference in level, or
"
head,"

varies with the rate at which the material is treated, with the speed of the rotation

of the retort and with other factors, but it is stated that the head required in a single-

tube retort is about 2 inches.

The heating gases circulate around the outer tube, and hence the mner tube

is^only indirectly heated. The temperature gradient of the material in the retort

therefore rises very gradually , and, as given by Capt. 0. J. Goodwin,
1

is shown
in Fig. 43 for a typical run. By manipulating the dampers G (Fig. 4.2) the tem-

perature gradient in the outer tube may be regulated to suit different materials,

1
Goodwin, C J.

" The Fusion Patent Low Temperature Retort
"

Trans. S Wales Inst of Ena ,

April, 1922.
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rising either gradually or quickly to a maximum, or rising in defined stages if it be

expected that a strongly marked exothermic action will take place in the material.

The evolved gases and vapours in each tube remain separate until they mix on exit.

A special mechanical feature of the retort is the design of stuffing box at the

exit end of the tubes. The method of making the joint is illustrated in Fig 44

The joint is made between an asbestos compound ring and a steel ring. The

asbestos compound ring is secured to the revolving tube, while the steel ring is

carried by a diaphragm which is corrugated in order to increase its flexibility. Steel

springs are employed to keep the rubbing surfaces in contact.

SCALE OF INCHES
1 2 3

DISCHARGE HOOD CASTING

W I CLIP.

RUBBING FACE

TENSION SPRING

FLEXIBLE DISC
(STATIONARY)

MADE JOINT

END OF REVOLVING RETORT

ASBESTOS COMPOUND I

RING SECURED TO
REVOLVING TUBE

I MACHINCDFACEOF/
,' REVOLVING TUBE

N.

Fia 44 FUSION PATENT BBTOET Detail of Flexible Joint

The loose breaker differentiates this retort from other somowhat similar devices.

The outstanding claim made is that the breaker not only keeps the heating sur-

faces free from dut and scale, but that it also prevents the caking of the material

itself The power required to actuate the breaker is very small
; and, as a scraping

action takes place each time the breaker falls over, there is no danger of the scraper

breaking or failing to function. It is stated that the throughput of a Fusion retort

of the dimensions described, is from 3| to 5 tons per 24 hours.

An experimental retort of the above type, though without the inner tube, has

been constructed by the Fusion Corporation, Ltd., at their works at Middlewich,
Cheshire. Its throughput is 5 tons per day.
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THE MACLAURIN PROCESS

The earlier developments of the Maclaurm process have already boon outlined

on page 200. The most recent development arises from the decision of the Glasgow

Corporation to install a battery of five units of this type of retort at Dalmarnock.
Two objectives are aimed at Firstly, the production of smokeless fuel, and

secondly, to prove whether or not the gas obtained by the process can be economically
used for the firing of the boilers ui the generating station

Fig. 45 shows one of the latest types of the Maclauim retort It has a square

Hopper

Condenser

\Seal {Scrubbers^

Air Ports

Cooler

FIG 45 MACLAUEIN CARBONISING PLANT

cross-section, its maximum internal width being 8 feet and its overall height about
45 feet. The retort is raised above ground level so that tubs can be run beneath
to facilitate discharging. For the purposes of securing uniform distribution, the
air blast enters through a large number of narrow ports in the opposite Hide-walls,
and also by similar ports in a dividing wall which is carried across the plant at tho

same level The zone below the entry of the air is the cooling zone. Steam w
injected at the discharging doors, and, in cooling tho coke before discharge, becomes
heated and partly decomposed into water gas Passing upwards, it mixes with
the producer gas formed at the combustion zone. The cylindrical tank at the top
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of the retox't, which acts as a
1

condenser, has a diameter of 8 feet and a height of

about 10 feet. The bottom of this tank is dished upwards, so as to provide a well

for the collection of the oil and water. An open internal cylinder dips into this

well, leaving an annular space of about 2 inches for the passage of the gas.

The plant is continuous in operation, and a retort of the dimensions given

contains about 30 tons of fuel. It may be run either for complete gasification

oi the fuel or for the production of smokeless fuel, the only adjustment necessary
m changing over consisting in the regulation of the air blast and gas outlet valves^

It is stated that the gas leaves the plant at a temperature of from 60 C. to 80 C. r

so that the heat losses involved in the process are very small.

THE MARSHALL-EASTON PROCESS

The Marshall-Easton retort, a suggested arrangement of which is illustrated

in Fig. 46, is of the vertical type, heated internally by the sensible heat of water

gas and heated externally by the ignition of
"
blow gas

"
in the surrounding chequer-

work The retort is made of silicon cast iron, 1 inches thick, and consists of two

veitical cylinders with a common segment, so that the cross-section is in the form

of the figure 8 The ulterior of the retort contains two screw conveyors, one m
each cylinder The screws are &o disposed that the projecting portion of one is

opposite the recess of the othei in the common segment of the retort The move-

ment of the scicws is synchronised, the speed of each being from six to ten icvolutions

per horn The descent of the charge through the retort is controlled by the move-

ment of the screws, and the claim IK made that, as the blades of the screws segment

ally overlap, highly bituminous or sticky coal cannot hold itself up in the retort,

as it is continually being wiped forwaids and downwaids. It should be noted that

the claim that the screws act as scrapeis is not made by the inventors The charge

progresses through the retort in sogmontal rings about 6 inches deep and about

4.} inches thick. Thus the external heat of carbonisation has to pass only through
the thickness of the retort and 4J inches of the charge, and it is claimed that the

time of carbonisation is from three to four hours A full description of the retort

and process is given by Mr. F. D Marshall m a recent number of the Gas Journal,

THE PEHBSON PROCESS

The Pehrson rotary furnace system is designed to separate the products

which come oft when coal is heated up to 250 C. (or higher with some coals) from

those which are evolved between that temperature and 560 0. It has already

been shown (Chap. VII) that fche former consist mainly, if not entirely, of carbon

1 Marshall, E. D " Low Temperature Carbonisation by the Medium of Water Gas . The
Marshall-Easton Process." Oas Journal, Juixe 13, 1923
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dioxide and the water of constitution, whilst the oils and hydrocarbon gases are

evolved during the latter stage In the higher temperature stage internal heating
is effected by recirculating a proportion of the make gases after their temperatme
has been raised m a separately fired gas-heater In the lower temporatuic stage

the internal heating is effected by means of the flue gases from the gas-heater

The process is intended to treat small coal or duff The mam operations are

carried out in rotary retorts which are intercommunicating but which allow the

products of distillation mixed with the heating gas to be taken oil separately from

each furnace.

The retorting apparatus consists of a drying tray and two rotary furnaces

The fine coal first passes over a drying tray which consists of a circular table under

which the hot gases from No 1 furnace aie conducted It is then fed into No 1

furnace, where it is treated by hot air or waste gases at a temperature below thai

at which combustible volatile matter begins to be liberated to any extent The

distillation products from this furnace being valueless are discarded after passing
under the drying tray, but a portion is circulated through a heater and remtroduced

into the furnace No 1 furnace is at a higher level than No 2 furnace in order

to facilitate the transference of the charge The matciial enters No 2 fuinace at

a temperature of from 250 C to 300 C and then gravitates gradually towaids

a zone of heat which at the discharge end is kept at about 560 C
The rotary furnaces consist of deep drums, each of which has tubular extensions

or necks at both ends to facilitate charging and discharging Integral with the

drums are a number of conduits through which the hot gases arc introduced into

the lespective charges The method of conveying the hot gases to the charge IK

by means of valves so designed that the gas is forced into the charge through a

number of tubes inserted in a circle round the peripheiy of the furnace and main-

tained through to the opposite side These tubes have longitudinal openings at

given intervals, and it is stated that they are so constructed that the ounces cannot

be choked by the charge

The valves are so designed that only those tubes which are below the charge
of coal at a given depth are in service It is affirmed that this device gives perfect

control since the gas is always passed through fuel of determined depth, winch being
in constant motion can be maintained at a very uniform temperatuie whilst the

risk of condensation of oils within the charge is reduced to a minimum

THE PURE COAL BRIQUETTE PROCESS

The Pure Coal Briquette process which has been developed by Mr E R Sulchffo

and Mr. E C Evans depends for its success more upon the pro-treatment of the

material than upon the type of retort used The authors indeed state that their
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process can be successfully carried out in existing gas retort or coke oven plants,

although, a special type of retort has also been designed when a smokeless domestic

fuel is required.

The coal is first washed and dried, and then ground to the size determined by
the characteristics desired m the resulting coke. The size usually recommended

Water Seal

Gas Combust/or}
Chamber

uraugni. ran

FJQ 47. PUBB COAL BRIQUETTE PROCESS.

is 30 mesh. The coal is then mixed with coke breeze, non-caking coal or pre-heated

coal in the requisite proportions to render the mixture non-expanding. It is stated

that, with most British coals, good results can be obtained by the addition of

20 per cent to 25 per cent of coke breeze. The mixture is then bnquetted without

a binder, a pressure of eight to ten tons per square inch being applied in a specially

designed ovoid press. The briquettes thus produced are hard and dense, and not

only pass through the retort without fracture, but result in a fuel which does not
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.readily disintegrate during transit. The inventors state that a briquetted material

of this description may be advantageously used in gasworks and coking ovens.

The coke is not only free-burning and smokeless, but is hard and dense It is

claimed to be of better quality than the cokes obtained from existing processes
In order to obtain the most suitable fuel for domestic purposes, the material

is subjected to a gradually increasing temperature which may rise to 1000 C. The

xesulting fuel has a low volatile content, but it is claimed that on account of its

structure the coke is as easy to ignite and as free-burning as a coke with a volatile

content of 10 per cent. The use of this high temperature ensuics a high yield of

gas and ammonium sulphate In addition, since the coal is gradually heated to

its maximum, the tars are expelled at low temperatures and have the same

characteristics as ordinary low temperature tars

The type of retort employed is shown m Fig 47 The retoit consists of a

vertical cylindrical chamber lined with firebrick and lagged with insulating material

It is heated internally by means of steam superheated in preheaters and regenerators
to the required temperature. The retort is fitted with two regenerators, which aie

used alternately in the usual way, one being heated while the other is giving up
its heat to the steam used as the heating medium The regenerators are heated

"by part of the surplus gas being burned at the bottom, the products cf combustion

passing through the chequerwork bricks

THE SCOTT-MONCRIEFF PROCESS

In the Scott-Moncrieif process, of which a detailed description has not yet

appeared in the technical press, though particulars are given in his Patent Spccin-

cation/the material is placed in a series of trays, which are superimposed one on

the other in a cradle or support The trays are fitted with circular bosses or

distance pieces, which engage by male and female projections, and leave a free

passage between the trays for the withdrawal of the gaseous or vapoui pioducts
of carbonisation Means are provided for engaging the trays to the cradle, so that

the trays of the series are successively introduced or withdrawn fiom the lowei end

of the lattei. The cradle is rigidly attached to the lid of the retort, and can bo

conveniently introduced into and removed from the retoit by means of an over-

head traveller or trolley. After the material has been carbonised, the trays are

xemoved from the retort and placed in a cooling chamber of the same size as tho

Tetort The circular groove on its upper run corresponds to the tongue on the lid

of the retort, so that a tight junction is readily effected When the material has

been cooled, the cradle is taken to the unloading platform, and the trays disengaged

Hydraulic power is suggested as a convenient method of raising and lowering

1
Scott-Moncneff, W. D Pat Spec. No. 182,888 (1922).
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fclie cradle for this purpose When the trays have been unloaded, they are taken to

a loading platform, where the correct amount of fuel is introduced into each. The

operations of loading the cradle and carbonising the material are then repeated.

It will be seen that the principle involved in this process is very similar to that

incorporated in the Fuel Research Board apparatus described on p 221. Mr.

Scott-MoncrieiFs further experiments will be followed with great interest.

THE " SENSIBLE HEAT "
(NIELSEN) PEOCESS

In the
"
Sensible Heat

"
(Nielsen) process the retort is of the inclined rotary

type, and is internally heated with hot producer gas After carrying out a con-

siderable amount of experimental work m a small plant erected at Chatterley,

Messrs. Bryan Lamg and liarald Nielsen, the owners of the patent rights, have

recently installed a large plant at the works of the Carbon Products Company m
India. This retort, which is designed to treat 100 tons of coal per day, is illus-

trated m Fig 48. It consists of a steel shell, which is about 90 feet long Over a

length of 40 feet the diameter is 7 feet, and over the remainder of the length the

diameter is 9 feet, the larger diameter being at the discharge end Near the lower

end an annular chamber, 14 feet m diameter and 8 feet long, is bmlL round the

shell This chamber is for the purpose of cooling and facilitating the discharge of

the material after caibomsation The shell is lined with fircbuck as a protection

against the action of heat, and is lagged on the outside in order to reduce radiation

losses The charge is foci into the retort at the upper end, and the inclination and

speed of the retort are such that complete caibomsation is effected when the

matenal has reached the lower end of the retort Separate discharging cloois into

and from the cooling chamber are fitted and aie hand-operated
The retort is driven through a spur-img which surrounds the shell at its

mid-length. The weight of the retort is carried on rollers by three running

bands, which are situated one near each end of the retort and one near the driving

band. End thrust is taken by thrust rollers resting against the side of the running

band
The material is carbonised by means of hot producer gas which traverses the

full length of the retort in the opposite direction to the movement of the charge.

The producer, which is of special design, is placed near the lower end of the retort.

The outlet from the producer enters the revolving portion of the retort through
a specially designed gland in which cast iron rings rest on metallic surfaces. At

the other end of the retort, a fixed cylindrical casing, 3| feet in diameter, carries

both the coal-feeding mechanism and the gas outlet branch. The gland at this

end is similar to that at the other. In their design the inventors appear to have

solved the difficult problem of keeping a large-diameter stuffing box tight under
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high temperatures. The coal is fed into the retort by a screw conveyor working
in a trough into which the coal falls from a mechanical measuring device

]?ia 48
"
SENSIBLE HEAT "

(NIELSEN) PROOFSS PRODUCER GAS SYSTEM

The hot producer gas m its passage through the retoit is enriched with the

products of distillation. Alter leaving the retort it is passed through a tar exliactor

and condenser for the separation of the oil before it is used or collected m a gas-

Bolder.
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A further experimental plant to carbonise 10 tons per day, is to be erected at

Silkstone, Yorkshire. In this plant, illustrated diagrammatically m Fig. 49, the

inventors intend to use hot producer gas as the heating agent only when the plant

is being started up. When in full operation the make gas after being condensed

and oil scrubbed will be passed through a superheater placed in front of the

rotating retort and then through the retort, so effecting carbonisation by means

of its sensible heat. The superheater is so arranged that it can be fired, either by

using a portion of the scrubbed make gas, or by producer gas In this way it is

hoped to obtain a gas more nearly approaching the rich gas that can be produced
m externally heated retorts, whilst retaining the advantages associated with

internal heating

THE TOZER PEOCESS

The mam features of the Tozer process have already been described on page 197,

and there is little to be added to the account there given A large plant of 24 retorts

with a throughput of 120 tons of coal per day is now m course of erection at Ballen-

geich, Natal, for the South African Carbide and Products Co
,
Ltd

,
and the lesults

obtained from this plant will be awaited with much interest

A considerable amount of work has recently been done on lignites from vanous

parts of the world, and a first section to treat 100 tons per day of 24 hours is now
in course of erection in France, the plant being designed to treat ultimately 500 tons

per day

OTHER PROCESSES

It is not possible to describe all the processes and retorts suggested lor the low

temperature caibomsation of coal, but a summary of the distinctive features of

others not already described is given in Table XLVI It is thought indeed that a

tabular description along these lines of all the processes and retorts already con-

sidered would be interesting and instructive, but limitations of space render such

duplication in this volume inadvisable.

SUMMARY OF SUGGESTED METHODS OF RETORTING

From the foregoing description of apparatus, it will be seen that inventors have

suggested a large number of types of retort In addition to those which have been

described in some detail, there are many others found rn the pages of the patent

literature of this and other countries. Most of these are likely to remain there,

some as records of misplaced ingenuity, and others as tombstones of unscientific

skill. In common with many other inventions, the problem has usually been

approached from too limited an angle. For the attainment of success, the help of

the engineer, physicist and chemist is required. Co-operation is not only essential
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between several different branches of science and technology, but other branches,

such as geology, botany, etc., are likely to afford valuable information in more

limited directions.

Some of the many patents which have been taken out have, however, passed
from the inventive to the experimental stage, while a few have gone a step further,

and have been built on a scale in which, if successful, they might be reduplicated

as units of a possible commercial plant. By means of others, again, it has been

possible to place on the market small supplies of coke and oil, but time alone can

show whether the commercial results obtained are such as to ensure then* survival.

The authors have studied m detail some forty of the most promising of the British,

American and German retorts, and the following broad generalisations of their

most distinctive features are given.

CLASSIFICATION BY METHOD OF HEATING

In the broadest sense it has already been pointed out that there are two methods

of heating by which the problem of low temperature carbonisation may be attacked ,

but the fact is not overlooked that a process may be successful in which these two

methods of heating are combined

(1) The coal may be distilled m a gaslight retort in which the whole of the

heat for carbonisation is passed through the iron or fireclay retort wall.

The fuel, solid, liquid or gaseous, is burnt cither in a large chamber which

almost completely surrounds the retort itself, or in a succession of smaller

heating chambers built on the outside of the retort wall, i e. external

heating.

(2) The coal may be exposed to the action of heat derived from the sensible

heat of some substance which is mixed with the material to be caibonibed.

The substance forming the heating material is usually a largo amount of

producer gas, either generated within the retort itself, as m the Maclaurm

type, or externally, as in the Nielsen retort. Proposals have, however, been

made from time to time to use materials other than producer gas for this

purpose, these proposals including the use of superheated steam, heated

low temperature coal gas, melted lead or hot sand, i.e. internal heating

Since one, of the main difficulties associated with the problem lies m conducting

heat into the interior of the mass, classification under the headings mentioned

above seems to be the most important. In the first case, the coal must be carbonised

in thin layers This renders difficult the design of a plant which shall have a largo

capacity, and, at the same time, be compact and occupy a minimum of ground

space. It is simple, however, to obtain and recover the maximum of products,
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especially the gas, both as regards quantity and quality. In the second case, the

introduction of heat is much facilitated, but when producer gas is used as the

heating vehicle, it involves dealing with 20,000 to 25,000 cubic feet of a low-grade

gas, having a calorific value of about 230 B Th.U per cubic foot as a maximum.
If badly designed or carelessly worked, the heating value of the gas may be greatly

reduced below this figure.

If superheated steam is used, either alone or in conjunction with producer gas,

as the heating medium, the quality of the gas available for sale may be greatly

improved, since the steam will be condensed out in the cooling plant, whereas

producer gas passes along as a diluent Unless steam, however, can be obtained

more or less as a waste product from some other operation, the difficulty of

recovering and making use of its high latent heat renders it expensive as a

material whose only function is to distribute heat which it possesses by virtue of

its temperature only.

Although most types of retort may be classified according to the considerations

quoted above, we find examples which embody features of both classifications For

instance, when a small amount of steam is used at the low temperatures here con-

sidered, it has been previously seen that decomposition of the steam by carbon is

almost negligible, and the action of the steam is probably mechanical, not only

in sweeping away the vapouis of caibomsation, but at the same time m assisting

the distribution of heat by convection The fact, therefore, that an externally heated

retort is steamed brings it partially within that group associated with internal

heating

CLASSIFICATION BY METHOD OF WORKING

Having arrived at a basis of classification on the broadest lines, it is obvious

that many subdivisions may be made within these two groups One of the most

important of these is whether the process is continuous or discontinuous m action.

The advantages of a continuous method of worlang are

(a) Conservation of labour and heat.

(6) A tendency to increased life m the retort, owing to constant temperature
conditions being maintained in the various parts of the apparatus

On the other hand, it may be difficult to recommence opera'*'
1 +^ n

event of an interruption or breakdown

The advantages of an intermittent process are .

(a) Mechanical arrangements may sometimes be simplified.

(b) Examination of the interior of the apparatus is simplified.

(c) The charge is under more direct control.


